U oiled States Patent 

Melkr 



HIillillilllliiililiilllli 

lJS00S56532aA. 
WU Patent Number: 5,565,322 
:4;5i Date of Patent; OcL 15, .1.996 



HYjis.|X)|2AT.K)N OF F()L¥N1.X;LE0TIDES 

coNMLTGATED wrrn ?::H:R(>M()m<)SES 

A.\^D FI.J.;CmOPHORES: TO (iENERAI i:; 
DONOM-'n.f 5>ON<)R .ENERGY TSANSrER 
SYSTEM 

Invsnter Michael J. Hdkr, Encmuij;;, Claixt 
A^svgsee,: N&ftogss, ls.c., Sasi Diego, C^^alif. 
AppL No.; 232,233 
pe r PiSc^: Ksiv. 6, J 992 

^cv No.; fcvn-msjimij 

I 37 i D;u.r May 5, 1994 
§ im4 Date: May Si 1994 
FCT Pi.Vt... No.: WOM/O^^325s 
Pf:;T Pub Date: May 13, 1993 

R«^l;ijftd U>S, AjspSioiiifii! L*aia 

Jisto CL'' cmB ivm; emu 21/02; 

U,S. C;L 435/6; 436/S6; 436/301; 

436/S(X); Si4/44 ; 536/24.3 
Fidd «f SasircH „, 43S/6; 514/4; 436/501, 

U.S.. MT&m XKXrOMENTS 



«08ijtGN RAJfllf^r DCXXJMENTS 
Kisnjxjffi Pat. Oil. . 



On-IER PDBLKXrrDNS 

Komberg, Ariixa:-, "D.NA Syii;iicsjii", 1«74, 
idJuux.Ki' '-'vr \,,. 5 < \ sN^xs :sA% 

{'1988). 

Gainer £■£ .al, A«;ji> C/i{f«,. 62:2 i 93-2 i 98 (i 990.!. 
Haduo) et J, /V.,- S^w/ u\-3-' r.Nl ^'2 \' ]R b 
(mS). 

eelier ei al„ m "Rjspid Deifictioa and ^Rfecdon of iKSaetious 
Diseases", KsnashraY es. al, tsis, Acsil Pt< NY ^53, 245-256 
(:1985). 

lkii>Ui2c.< , >a". . 24' 5^1" <;2< , ^ s^"^ 

Kpr t v' S t L-''4 }^ > U , !\ v V V ! ^ ■> 

N.Y (1989). 

McAiesr a aL, ii! "Moiei;siS;ir Ekcirosic Devices B", pi), 

Mimimxi et al., A«rt£ Mhch^m., i83;23 1-344 (1989), 
I^v)3ui!,ur v: J < ' w.iJH /-w '(\ "-^^'^ 

Glim'.- at aL, ./i»sfi?f/fig T^chnkmes: Phy;:oils;or prc;bes, 
IVeMs is Bk!C;ieTS)k:aJ Scisswes, vol. 9.. Nis, Ki, po, "23 
(4984), 

Priman- Brntniner- 'iv. G<m Jojies 
Axmumt Fkammer-P&Ml B. Tv&a 
Atiantey, Aip!r.i> or ./'/wi- LyoH & L.ycsj) 

;.')7] A,BSTSACT 
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i.og fK);yi)uc.4eoti(Jcs havixig la-m two cioaar chrottKplsires 
a;.?srs;.ivd¥li!ikii>;J&:< i&s polyRiuaeosida by .^is.w.er .arsas, siich 
U)sc fee <;j;jKiiaciph<ijes ;m'. pimmm&d by Jiriicaga aio;!g the 
feigth of the polyaueleotidc at s dofior-dcj-jor iHsnsfer ais- 



swd) liiai fee iJustrcscdrxg aax^ptor chromopiwf e is po.siaor.e! 
by HTikagea adoix^f~accept8rU'ar::<fcrdi;a.;iRC.e h:«^ 

ftir cBileciiixig phoicynic eae;-gy s&d £ra)is;(eriisg vise eiicigy n 
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KYBRSBfZATION OF FOL.YNIJCL.EOIIDES Moiscul&r <;!>Ucal or ptujumic devices basod c.; c-Kv^oate-^ 

C^OSN JUGA;mi> -WrrK CHSOMOPHDHSg organic soSysaexi:, Bssker « xl^ S^jnthaik ^esah 7H-^m9 

SYSTEM S M.'u.u ' ^> J in , > •'^ 

tx-^mxm&i ;^pj5l:ksi!.on PCJfyj.'S9S/09827, Ried Nov. 6, assersibiy. I'ypicaliy r!ic Hs^St■;^J rsc<:SCUjaA:f5rf;;x>net5i: x^-hich 

7yO,2ft3, tiled Ni>Y 7, ; $91, now abandoned. Each afjiie ^i^nf- i^EE in Medicmg md Pari; 

siSecS appisisdor; is t^pjmiy iscotpcB^l^j hereki ^'6-a35?-i 338, ( i 989). Ttoam prs^mly rso (sxampies of 



whsca psxtduces: an B:JSieiaj;!: eisciXivjiic or piioscir; 



s,;^.:.; svsrsms j$ reic;v;sii to sKnotscSuxsiogy. Drsxjer. Pro,:, KaiL 

V" T . . . Aead. Sd U.S.A.. ?g;52?5-S2?-§, -Qmi) tks%\cu iv. 

^ _ 'ife dirsaly York, N.>\ (1986). A;»&ia:)fs!gmfi0inu>r<5fir^^^ 

|jiu^irpufa£eG e;cc;:;«!i!C/f!nosonx> ir;«5sler prosxruss. In par- ^'^ oi-garn^mjon of im IjghS foifvesting 55b05<JS¥!;:i(al!C systems. 

- 5 N ' 1 \' s >u ^ a Ni iKi. un 1 > d u si. >v s\s ^ 

;:5on-rad5auvo cf;er;gy irans&c, Thess rasiijtic ss>inposi!!Ks eaxi prcK-eas, nerve CQ:Hiu-:ikm. and she stkiauxs and rtsfKJdon of 

5 > . ! '5-^ .'H J / ,!,^ i!.4^^, U! OSOli 1 sO"!X< 'f -If vi- vt. ',sse i - s 

rnore coropk^ i<£rys;;ursJs. llis iisrecdy i;;i;orptfrato<i dec- so-called bto-cliip;; descrites th;; use <5f syninaticaliy of 

iXixiio/phoioaic luBctiosal pfopsjtjes aliow oo!iafic;iat!« mi '•^ biologsadly jiKslifjed prot^jss lo ooiisiraci molecular elec- 

! t. ■> ss 1 i U V I. J ,idi > i S f ^ ! 

^'iN .e ^' .r- ot K u'O's; £ss < ksss jii >aO V ^ a < < \{ \U t < >! He. 

o. nccT ...o o" ise.Js Kxv<ra. -3d— .o;i^s'V&u dcNUi. ^'ot j^Dev ccv li '0,j; e't<j MceUVi^v :k N-AYof, 

A% -M !V s n \\ j < y ;s , S > s^s J ' "^"^ pf '>>-, HS7 V-i;,^^- s>' v , < Is . v "^'iV \S 

sws ' . ) ■ SOhVO ..s ,,.^n > X .Csja . C! 

.. utveioprng coadoefujg rssiworlcs. McAlear si s.l., -;n 

i oexcis o; sssoiecKUa dectsotiic^/jimxajiics and r&m- "Maiecuhsr Elecu-ojac; Dovices", Cattar ed„ Maxcei Deto 

icthmiso©- onsi- itratsme tschnologicai prortsijs; for die New Ycsfk, H.Y.. nS-ISO, (1«iB2). Ojhsr wotkets teivc 

.Ov:;iira. Narnrsecraiojegy 1 j dciktcd as a p.'Xjjected lechaoios-y speculated ihaJ ttiscieic jarfd based feio-ehips jnav b« tsxot« 

> > s!t s> 1^ - i >u i !U\ ^ msnis i RoM'o - < s'es<^ s 

7^:5275-5278. (11*81), ^la;!ff^s■Ki!Kc^i^>gy nisans ar; aiorif-by- !em Engmeems, l^>-^00, ;1$E7). 

' " i ! ^ K N >i 1 u lu.^ J ! mr ! s '\ 

^ » > s ^ < m ->i> 1 1 i' ^ u^t o IM\ \ 5 !. ! N5> c w \ 

10 a Si)p-ao*s; straisgy hke ;>re»en!. Uthogmpfiic ieelxrdquns of ihts Gene", \bl:. 1, .Beniatsis PuJssshins MersSo Park, 

B^ea >;;, ti;s sertiieixtsdnejor and ixuegxn-cd dxani indastries. Calif;, (1987), whicb is tfe casrier of s^oiujdc msbrsiatHxt b 

Use s«ce£«:, .oKaaaoiecimfogy isdil, m 'based ORtlsj <fcvel- ail %mg sf^aaisiKs.^ hi DNA. in&ntjation is ersroded ia rhe 

S I O > t i t. ) > !S Hi t M S i i'^ fl i \ ^ S Ij, 

wiiicn w>d enafoitt trsa asnsirucsioa of a wxde raaga of strand" of SNA (ot poiyoiideotides) have the ursicuie t«^^^ 

<^sv ^na-es3i Dr.xe!-', -rj'nos , em 0*" iccuyw <c£ i->njji!^ ^<v ^ ><' , 's ici 

^ ^ <- ^ P^;!M^rJ>t.^ NtvN \\ v^Ml^i"Sv u^i. ss>> 1 doUv^^o I 

1 ; 9>56 i. i fHi;;, tsjis os t!is isrs! m^A mosi iaijfortaiJt gssls in acid duptex stj-aciiiie. This is psssiljlc !>eca;!SB of -he iiihet- 

tianotecjuiofijjjy is ;xia deyciopnjera oi: prognMTirtiabis self- s;) cm hase-pairkig pnjpemes of the nucleic ticids; Axecogtitees 

a,ssoaxbirag nsclecuar coaia.'xa:uotUini£s. aa i t\u> ^ ^ks ^ 1 .so ^> 

P;^seRj rjioieciiiar Oieetfwfde/phojcatc lechxioiogy degree of specxiieii-y sixsa; atiy giyaa rxfiyxsacieotide 

i sv s s 'o ' ^ St ji, ( -ij!,}^s seu<L t.t i jAbHs e 1 's' Ss !.< t ss<iik^ t 

SKsf esgineexs. Carter, ed. xa "Maiccix3;;r HiecSfcs-ac DevxccK ssiiiieriee, 

ir\ fviared Dakksx, Sne, Ne^A' Yoxlt, N,X (1987). Ttose 55 fnMdifionSodiemoiecularbiOlo^Ytifiiockicadds.freaj 

^ '">^ 5 U ! n s M ^ . I )! 1 t.ss ^ HU (5 a. ^ 1 

a V esv<' ss'o \ ssnI i an.' ed \<ju< s>-idis^»-ai icc^^s. o f s ]^,^' ,ass<\s- 

-i)eKK&:, New York, N,Y., PP- S-2S, (iS87), cotiducbag oped so autorrtaied ixistrxsmeni^ carj raw Bffio&dY ^vatae- 

c-ax_< „u,a'd $v. v.s-c e ^ , 5>'<i.'/:e,-' Meu.'s, w/c seqt.. ns'es, sHox liXJ r,. deoj^des set s;tJ!, „> sv. Vss-, 

;.f<-..<fi.% ; ;). Kiecxron-c pxopc:£tx£-:ii (jf £!rg:i.aic diin filtas o£ s) rales of IS nucictJddes pe.r Ixou-.r Ais«, sxa«>y u^hr.iaaes have 

^ «x,-^-"ai. I lowt! • >t-!- >^at,;r5?s et 2l . S^t>ir.ei^ MeuU }x\( , xvfopsX. .oi ; je sxsoix Kat'.^a o: ax., -.ax- ,xxr ^-x.n 

,iKx.4.La(i9S9),rrK.xkea:a!-f;fafiXi3dster.sbasedoaefs« kncuural gwc ps -rdadrxi,, fis.>)rorho'us .-a-caxorixxres 

uxasiiien riopfsdsj el ai., Mmcg, Ul-mi, i\9m), mti & aflixfiiy labefs, ttiet&i oixelar^s. ehendcdiv xuaadve W«as 

^ ^ > >^ i ! H uu! J ; >nts ^> 1 n { if 

wtaax ii>T!a a varisiY of xiilli-rsnt '^.bul^^^ gs Agssawa! ei aS., Piucldc Arids Rmearch i4x622^-624s' 

' ^ - i ^'-^ ''Wis < X n,sK vns. U^u-i K . .^fej \, , ^ , , ,<^'n"h > ' 

s^leaaia l^ress. New Ytyds. N.Y., pp. 239-249, (1988^. x\9m. 



devciojiijig baiii lae synitesis aad modi- 
;3xr{ds fias ix:«; the |!Oteft£id for Ihesr use 
. area aiso rafered lo as DNA 
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, !>e£cciio;s : 



phsiOKit; 
!) ;T.o>iifiet! oiigfsnssc! 

.agRcs&isc assay 

siative energy 
i ideatiScauos! : 

Press, Kg-w Yerk< RY. pp. 345-35S. (ISSS). Forsier jsok- 
radisti ve energy U'&tss&r is a process by -vvmch a fi!ior&sc,e« 
donijr (D) grixip exs:i):ed at one vvave!ersg& irasjsfcfs its 
ahsorhed esietgv iiy s iesoaa;5t dipob coapHng process to a 
saiU'-bls Stiotescsfij ass>;;ptoj: i'A) grixsp. The eSici«t!cy oi" 
er.stgy -rarssSar beimx;!! i\ susiable donor and accepsor group 
Siss Si i/i* dismes ifepesdency (see Lakowicx et m 
"FrLncipies of Fsuorescerii Spectrotscopy", Pkaym Press, 
New Yatk, Chsp. 1:0,. pp. 305-337. 

Ik ihci Nv'ork of Heii«' si al., supfs^ two fiuomphore 
lafociSed adgciiivscsentiiks ure iksigrxd to bintS Of hybiidize 
to adjacent. ptJsiskJos of a conipieBietitary rarget nHdeic acid 
strjMrd BJid ihm paidace, dSdeat auoiescesiJ eaergy u-ansfer 
iri lerois of ro-e?stssitm by the acceptor 'Hie tirst oligijj-sttele ■ 
"ade -s 3!X Sed r' tae 3' icnriru. i ^-,it Ort ssi*. e sutubL 
donor groap, and '.he sectmd \s labe'd.iid in Xbe 5' icrrarsisl 



tion.s of s5i«pk iiuas 

Ca-rtiuUo etaJ ,,/'«■?{ 
ii'-M&y, s-nd Motrssiot 
(19S9).fetheC;}niiiili 
whers f>¥0 short (12- 
terrfiinaOy Sabeiisd \'i 
i?.ed: to a e,os»plS!y.8r) 
with .Seyera) 



tabki a 



[ group 



hybrldtxadon to ihc co.-spiemst-tsrarj- .seqtisjics po&itiotjs the 
fatertsicetrt dcsttor gsaup ssrd fii3ore.sc..eKi acceptor g{»tips so ■ 
they are 33; opdtitai disiaiice (theoreticalSy) km most e'Eosatst 
Fiirstt;;- aots-tadiaavo stiergy traissfef. However, ths 
observed an;jj:gy transfer eiSci-mcy its isnsrs rd' re-.ert.issiort 
by tJie aooeptftr was trjtarlvsly sow (20%) far this pitriictsi;tr 
atKitrsettren;. 

la later Work iKsulcf si ai, }ititxipeatj Parens AppiicaiitHi 
No, HPO 022»»43, 1987; sad HeEsr et al. U.S. Pat No. 
4,996,143, Feb. 26, iS9.!:). ite advances irs .wji.thBtfc cixKtr- 
' !..!<. S V X ^^Or^c I ^ v,otu"Uircsat 
atty position witijrtt an olijiorssidijodde safptcncc asitig a 
iij&er airsi Kujdilied tixtcieotidc. .'^Iso, widr this syttihetic 
iiiitetge leebtriqire it xvas po.s.'iibia to incotpttratf, bot-h adtsaor 
and sji acs;«ptt;.r iie(;;Xiphorc; withlrt ihtt- satiiie oiigontscie- 
odde. lisitig die par-ictdar litsircf atitJi ir was t'oartd tijat d'ts 
;y.o.<it. effsciani energy ?.r;>asfsr (in iems of rB-sttdsskstiby &a 
aocBsSOrj octrtirred waert ti^e donor artd accsptor ware 
spttosd by 5 isEcrvimtng Ra^^ieD^id« utiits, or appnixitaatcdy 
1.7 titjaoijreters (sstr) sssint. Stfiicr si al„ U.S. Pal. No, 
4,9'-)6,i't3 aiso showed iha; as the rascieodde spacing 
siecreiiseri frorti 4 it) 0 rtftits ti-4 rtJH to 0 .nat), die SJrei'gy 
trst5sfe.r sfScieney ;dso trocrettsss, which is not in acctjrtiance 
wid5 Pirsier iftsory. As the nucieoiids spaeiog was inereased 
fr:>m 6 !.a 12. rrnirs {'2 no5 ro 4.:1 tira), r>ie anert?^' lTa»sfer 
eiiicis;5cy svas aisc found ttj decrease; wirieh is in accor- 
daticti v>'i:sr i-dr,sieT theot^'. At the tsrne, it v.-as aol cKpiained 
aor 'andersiood why ti^e Hw.re closely spt-cKi dosor and 
accept«f asxijrsgeaxittrs had rtsiaccti tjtjergy u-ansiVr siS- 
oieacy .atxl wert-; nsX ia agreers:etit witt! i^'tjrster iliattry. ■» 
p;irdens;iiv tlte ieaebij5§s oi Helier et ;3l. did not adffl«.ss 
ntahipls dcrtior rt^itiaattsta jsrsti extatsdeti easfgy irausitet ftotn 
(ionors beyond Forsior distances of >S nnr. 

arsas which inchrde itTtiTitiHediagttostics and liqnki ch.rs}aia- 
iogratthy atJidyttis. Motrisoa ci ;d.. Anal Bkxheni.. 
l?ihn~ 20, ~<"t=<^ ..''d Ov.-x" et . , V'*? Chc! 
62am-2-m. (imi AIs^ some of the irsitial dctnofistra- 



4 

jseerti doi-or/aeccpior energy i-rasrsfer it ■ 
later twoborsfed by other wttrkors. 
Nail Acim. ScL UJA., 8S;879D--87«>4, 
)tj et al., Afuil Bkkrhem.. 1 83:23 1-244, 



: al. work, m sirat 
r.i eiigorstieicoiicit 
tixsdsrrtiac aecs 
Y 73-ms.v seoam. 



tetrt is stttdied 
, eaoii 
sr.d t;ybrid>- 



* dnttors iao.ntiine orarigts). The 
arfangctsrenis siesc.riix-.d i)y c;:ardniio sbt.sw sortto added 
eaes-gy irartsfer due to tbe adctilitsRal dotrots. Htjwever, this 
increase ,tt) energy sxaasfer cSlcicacy is etPvSrely consistesi 
wsih dirsci donor 10 acceptor tmssier, ss notte t!i' tixi dtssors 
were describtsl its ianctioEiing beyostd Utt; Forstcr dtstatice 
tiecessta-y for efOeici-i u-a.asfet. To date, there i'sas Ixien no 
de.«Ciiptioas of as. orgaristtd stnar;jiTS tis-pabki of extwtded 
energy trarss&r iiors; srtoitipic donors asJd to as tscceptor 
beyond tKatstfi] Fdrster distattcss. 

SUMMARY OF HIE INVENTION 

litis invenrum rebtt&s to tire iiesigtt asid sytsttte^tia of 
sjxstiified syathedc rtiioleic acid polyrtsers/oiigtxners itxo 
which tunetional ei,ectrot5i.a.''piroti>aic ptxspenies are direcdy 
irtcortKftatcd. In parrictthtr, it corscextis incorpcitatitrg tire 
pfope.ty t)f a.ri axiertded aott-radiaiis'e citergy tiTssisfer prri- 



iCicSs. 



doROf gfoaps 



■aageo t 



t acccoir 



beers discovered that ttraldjae ciirottiophors 
i wirieb are iocattxi beyortti tire .rsttrtnsl F 
nrti) can i 
trattsier phoiottic etstJrgy &s : 
thcKjby aciiiig as a bglu ajitet-na or photonio condactts-r. This 
property mvotves tbe ttbriity of att array ai d«)aor groups to 
ihsorh ohoifj t^tt £<. u tut. ft <^!e"s,> ib-* '^'^ 
tiireciioxtaiiy traojtfer it-, vi& a coitpied Ktsstn.arice process, tt; 
at! acceptta- gtratp, wPers il ts ther re-etai.£tsd as pirotiBiic 
energy at ts ionger wavelatigth (hv--), llx: ssiection and 
reiative prssiiioaasg of s^Kcial dorsor cbrantopisore grttups, 
whiea irjcbidc risaidhtoreciccta ebro.oiopb&res, wit.b apprt:- 
priste aeeop!.or Skerophores. lead.s 10 an tciSoieat e.Kteade^ 
cacrgy traaslcr prtjccss wrd! nrsiqas propttiss. AddttroaaiSy, 
appropriate tigsigns for i>iigoaadec«idss attti polynricie- 
otides tiave fotKai whieb tdiow a prirtistry doaar gronp to be 
placi.'sd in close prcsxitnity with art acceptot grciup. 



B the t 



J posnn 



componestK {cisxoHiopbt^resi.) oats be prograssmed, via their 
f wc<.T-ieri' nc ^r oUf'itide •.eoi enu v !\ . ^ . < o i. ai' i i 
ing tire eh-ri-WitjohoreK cart be deaigHsd to sefl-assett&le a^id 
DTgart<,.e trtio l..,Tge^ <, )d O! ' csn.pk x 'oi- jd at jctu-e 
The prograTtsntatjiiitj-- and fttacliortai etcotroiiic/piroiortie 
properties of die stiolesalar cotiipojictsts enable c?Birt«:tiot:.\, 
aitiplifscaiiiHi rr:ei;i5atiistKS, arai atsterttta artay^ It! tte tiiade 
withsE! site Bucicie acid stractur'ss. Tlie etstsbii^aiion tsf 
properties aldmately ieads ttt tiie ereadttts of phoionic 
deYsces, photovolisic devices, biosensors, and botsttgenatias 
and heterogcaeoiis DN.'X diagaosdc assay. 

Tm pteserti iavendoa tl-seretors describes a polyaiiclv;- 
odd ! rvtt < s ! f aJ 3p ^ > t 1 x-s 

opsftitively iiidted to ilic polyxutdeodde by lisikcr anass s-aoit 
■.bat dse ctrriintopbore;; are t^asideH^rd by tfsc iitdt&ge alosg 
the ieiigth of the polynncleoside at it tionta-tioatir trarts-fer 
ditttance. Typicady rite dc-ttor clsrtjsritjpitores are aoti-4iao- 
rcsciitg ehroitiophores. 

The polytxKtleotide cats fartiier ctiHttjiH a Sfiorsttdtig 
acceptor ciirorttcpltore csperatis'eSy iittked ttJ the polyaacie- 
otide by a linte artti, wherein the iiHorescirtg acceptot 
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chronxophcre is positiiKisd by She l!.Tika^!e ia a doaor-acccJf}- 
lor tnitisfev (iistaiice f;x!ni donor cte!)H!i)pfeores such that 

accepior ifaasfci dlstajjce aS im^n one of ihe donor 



FKI i A iOiisEtates how iwc; chsafssBpbvKe-li-biJjled oHgo- 
niscleoaaes (dorsor «[!j:«!Ker SEQ ID' NO i and aecepayr 
olipynxr ^BQ ID NO 2) ar. dcwgsccs h- hind ot hybdfSiac 
to adjacKBu position on a compkimesusry isjj-gs! mKiek- add 

sf.q;jeac-e 3sd pcwiiso!; oi donox snd acceptor groups is 
s!ww!) li)!: she sm-hyMidked (or d!saKscsd;Sed sySims}. KG. 
IB illustrates the i^ybridixed airjiiSure (or assodausi sys- 
tem). The bitiditjs. or Sjybadisstiors to iha d-T-jtei sequence 
^ firioresc^r;; ^^«»50f ^ group afid Siiorascwf 



sale of ik;TJ^)^i^OJ;of trasisfe;- as } 
;;Bson!»d abisve. "Fbe system c&n u^im an ncceMor chro- 
nxopbore thau » pra^sat?!: o?i a sopanao poiynudesjtidc, or Use 
;sx.c.ep;or cararaophors can bs ptsseni on &e same poly- 
iiadeotuk tbe doncsf iikoKsoptsores, 
The sequciices of Use poSytHjoleotkks cars be ssiectcd fs^r '■' 

S ' t V tSOK' JU! vi t. 

asssiJitoSy of Ssrger siiiicturss caisabk of dosor-&i;!or iranH^ 
ier aoii uUirtaie donor-sacaapsxa' trfflisfor Alternaiiveiy. t'rts 

cottipUasetRary to tatfai. nnaidc acid sequeoces sach tS;st •< 
she i)oSvruiOjeoddas isre UK:d aiagriostiaaity to iteteot the 
JHJigiJi sequescss in ssKijSies, 

hi i-ixidsiir ambssdimeai, tl;e sriveadon describes slrucJaxes 
;sr ihc sotns ixf ;s nndeia iscid duplex slrai are CoifijJrjsed of at 
•fis.si. two polyriueleoutle;'; ijybridjzed j.ogBSher by convea- 
< K>'p. i^'Mn ! I, ^-^ w i ^ vit-u i". Siii 
dpie ixiiynjwkoUiSss csjr ix: hybddfefrd io fosrt; she dapiex 
as is raprosatjted in FIG, 3. The poly;iudeotides cantaiR 

<\ ! s N t J* t, J ^ (. ^ I ■« ! ^ ■v^^o ' 

pK>'vi<ic; a iargsr sLrufiurre 'A-hich fra;^ <5!adosed dojKsr-- 

! tx o u a^ ' \ UM 50 «jcn t 
esejfv tssrssior aiianjatiia botwesH the straiKls of the dufjiex, 
ASao con;crs;pia£ed k a biosensor deviee eoiKjjndiJg a 
pbotomo S!?ers;y ssftsifig tseSHs and a ;»lyraiOifiO£ide Of SMs 
invesiiors bavmg ss. feasi two doaof chtxsjsopiiCii'cs cnsera- 
dveiy Hoked to tfe p«iyrnjck(jddo by iinker smss, w:hWetn 



lae p<;!> 



OiKca. Tbo bio 



linked t{ 



v.>N ! Of I, OS 1 ^e i>0< > < < Ix < st ! P^N 

OiKce irasi ai Saass ofse of tbs dosjor chssmopbotes, Furtha;-- 
rE;i>re, !f if? !)oSyKaoieobds is datsctal>iy posibofiOii arSiiKoift to 
the se«sisg rnaaijs aadi tdai she soasbig vneacs caa deject 
pixaoaie et;«rgy esTsirfed tksai tire aeeeptor dwDioopisore 
fijX"! escitadoti of due dooot abrojrsfjphcsres. 



xsotto 



deteodii^ 



ihe 



; tSait 



nvoives ■he uao of ftra;^;>r msira !Xiiynud:eodd«a of this 

\ven> iM ,vo v'^<> o r uouv ^a . ^--uHe Iju 
escera saraapiar andssioa to indicate a hyljridiaaiicnr avesj. 
Odjor oir<bodi.urea!.s ^viSl ;)o appareni based on dre- disclo- 

BSIHF ftESCRIFOON OF THE DRAMNGS < 

so tiie citawiags ibirrdog a jxatiixtt ui' dHS ifisciosare: 



■aeecpto: 



ctiiirgy 



gn!ir 



y tf S!; 



accept<)r group wJsah re-etmtg 
otTiifdag photojis are ijidicsfad ijy the v^avy-dsted arrows. 
Tfse liybridixed figuxe (or asstJCiatad syatanx) is repfiJssrSed 
schei»adeslVv for tJijrtwses of simDiidty in the iowanxiraon 
of (he- figiue. 

BG. 2A ilhisjraifis irs Panel fa) a scfcan^ssio rapi^seRtadotJ 
of mdfipie donors gtoapK tD) at!d a singie accepttir gstiap 
x'\ !i.up< «a >ii. s" •> 0\ V jx! I >t. .(.e ,"-!d 
ayhridi^^o w a'.^« so. cd -o u -np ,i(e OX \ oste-^r.aa Fli ^ 
2B iiiasfrates ;j itujidpie -toser DNA poiyrae;- and an scaep- 
■or DNA pt'lymer asse;»!:!i£d into an orgadxed au^ctare ors 
a tcfoplaJe i>N(X poiyrricr, 

FIG, 3.A. iSiiistfstos sciie;!»ads;sj.Sy tho e.->>ea;plary i4 
r3,aiiO!iiaEors (njti) photoni* aistesnw sttucatra de;tc;ribed irs 
ExaiKpie 1 that ia assisrsbled and ojfanis.ed Sro:;! ibor 
oiigoRrsciaXides; the i 6-!TiSr at-captcr sf.it (AM), Jise 30-tner 
imfinaediate doaot I atdJ (ID i .!, tise 29-maf itasraaliaie 
oot 1 tlD^i asa K Joit . o^ .-^^ JD 

3B. iilustfstes cxtcfisied Rnets-;y ■nmsfer wfet Site asSEjnbied 
^tmcftjre-is iibtsisajed v»it iigjjt at 493 jjeS. Tbe wsvy littes 
irdicnta ifriidiafiag^ or enii-ang pbopjns and tae dastsed 

tj^n.-ifer ptocass. 
;!GS4vi!v4Bl la xa n s^x rM\ 

di-sc i-i t 1j. ooH? a o. I'o* .« ^ iu^ 

.aa IT' !!t'-i.e i.o-ior co'-aains x-- o! ^-e VI"> > !a. ,.>ep 
tor oligomer (AC3), the qucix:i!er oiigof«-sr (Q{>) and a tstfget 
DNA. FIG. 4A shows the hotBogeneeas sysieni bsfors she 
target DNA is dasjiinred. Note that the aceeptor gfsxsp is 
SK>xitrja! to Sii® qaeacbar grofip, aijd djorofcsr ettxlssiori frosti 
tiie acfi pka u qaenched F^G 4B sho^!.?, -xu. ho'noganv-o.!;, 
syslCHi after the tatges DNA is de.aatsj.rcd wtsafr:uf;o!) tise 
tjatihipie donor and acceptor oligo-aers have isybridized to 
t-he targe; DNA sn spednc, prograaxned, oaxfspiefn^sistars.' 
sites to pixiduaa a structarc ojipahSe m sjstetided aaergy 
iraasfan 



A. Ch!-Oinophote-Coataiaii5g Paiyiusdeoddes 

ISis irsveation relates ;o iM design assd aynthasis of 
niothfiad sytrJ-sadc ssadaic nidd ix^iysn-eix/ciigosxer;; into 
\vhicb X xxfoae eiev-t'o; crnotorav.- otof t"t e "x.. aixxx.j 
iacoj-porased. Syrahetie. tsaeieio acids bavirsg iahareat rec-- 
ogfdfxm proper! ies (i.e., conjpSejsatnijry bybrjdixadcm) and 
arr deJ liutt-oAiN tot cc^*- aci'.^ 5x> -xvL i-o^'w^vriK 
which e;ja self-orgmx/a laio Cicai.xniK- ;a;d phosorae SLruc- 



;« aral i 
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ORC «r mora ijrirnary donor chwsjnophore.s ■wiiMii Foi'ster 
distance (<5 rcsn), arsd m teasi two iksnor c:brcstm>photcs, or 
[jKiferAbiy rraiiiipjc x-'isrornophorcs locssJed bayomi xiomial F 
oratcT distaf'is; OS sifi!). ()5?efatively actsspiox donor 
dsiWJHCjphoKs; an; idiked lo ihe po!yiiucie«i!id{;(s} by Irnhm 
arms, swds iJiai ti>e dK>:>rs:i>phv5r«s sre pisiEioaed along ths 
k'.ngth, o;" the poiys'stick.oiids si donor-donor transfer clisiancs 
(1.4 BXVi to 6.1 ssKs) gi!'a(;;ivs for .r«<;o>n;5nJ exiargy JKi.tisfer as i 
dovsoribsd by ihe prascn! di.scovsries. 

Tht; polynsidcoUfe dB.^cribed fujradi can be fcrttjssied 
and used in s vafisry of cotiSgurauotJS, Tte d«nor d»o- 
jKopliores car; be !?:■<;««;•. on a SHjgfc 5>o!>a:iJcl«idda^3^^^ 

(.u « ^> 1 c-i"vw iie%-^> \i tnMSnch 

scce;;ior ctistssnophofss csji! he pk;«cj:.!. at! ihe s;j.rrie poly- 
auei&otidf: logeUnoT vviili one or rssore ii'tc doaor cbro- 

hi ose eiribsdixfiest, s, poiyjiuckotide has '<& ieast iwo 
■p£r;ii.ivi:j!y linksd to ihe polyrAids^- 



i^aS plac 



sequence, mid si se-S' 
TtS-odifisibie backboiSf- 
tiG-i {examine; mnmlly jsegaa 
made in a ntiiJind forni); i&) b 
nois-eovBiaiiiy lo solid stafas 
Oi^asic po!yrae.rs,, and bio-poiy 
zationai properties; (8} abdiiy 
and branei'scd st 
iiWiddled sttiKiatsl aid <i;-^a! 



■ionor cl;ro!ii« 

positioned by ib-a linkage aiong thgletigth of &s poiyaude- 
odd« ns: a dciijof- iioxsor ■0!:iiij^:ferdisi33ics bs debised berein. A ^ 
prsfoiisd donor-dttnat xraas&r distanes is ateut I A to about 

Tse pelyii^jcfesstdsia) have a pi-ediseiiKsned scsjuetsce 
seiecisd to be fsirsipkiReaiijry £o sitbsr iiadeio, iJcid 
ssQuc'ssces, so ti^al ifas dyoiKCpbore eonlatniag poiyr.ucie- 
oi;«Sos can ha prograrriiried {.U to sal j--a;ii;G;BMe with each 
oi!x-r by d:«f hymidi?>ia procesf;^ forailng orga'azed pho- 

ssioh as. gbiss, silicoii,. gentsaiiiasn, gaiittva^ araoiiide, poly- 
jHeis, resists, Lang-sssoir Biodgelt iiuids atid ths !iks or (2) io 
bind JO preseiBOi.ed iJirget iradsic add seqiiftaees m soliJtion 
<!•■ sSadKti lO solid suppeits or thirt fslra tsiSicrisls- 
^ It! oiie e.miKjdii-noiK^ a i.oiTabiiJ.l or cenirsd poiyniicieoude- 

saopfcore ope-rattvely iijiked lo tbje poSyniicicoiids by s lijiker 
atio, ss-ch fi-ai ihe finorosci.tsg acceptor djroiXiopkjrc is 
p;;sidoned by itijxags ai; doocr-acci^ptor trao'ifer distance 
or ft«ssi ahoas il! nsii Uy afsoat i.? rs;ji lh;-!j ;it kmi one 
pri-tnary or niain cssiipb.ag dijnor ohroniophore. These coti- 
iigaraiions pxov'ide tise orgai«!;ied ssxiicturss capabie of 
exisnded no»-Ksd)ativ?: isrsergy ixjjnsfcr descrited by the 
piesoKl ii3.v8ntsO!i, 

sduetb i-de iersss "oiigooi-deaiide" oMgoioer" or"poiynuete- 50 
oi.idij" w'!l rote ^-et '!■;'.'•<• 5' -luc >->)C a^'d, n iae fo'-'Ti o 
sit3gia-st{a«d>sd aitdoit; aeid poiyssers, cossp-ised of DNA, 
RHA, or •rx'dillBd .^sspviences pisdaeed by lotaby syrtlbotlc 
procedures, Teeiinieaby, iiie shorier sepisenoiJs fton? 2 ig 50 
aucieoudes ia ieijgdi aj'c referred io as oiigonuc&otsdes «■■ 
oMgotiier.'i, aiid the Songor secsusiwes (>.50 niioleotides) are 
lefejTod to as poiysiucieoiides, Hewover, for ttss.s inveamss- 
the tei-oi.s ato rssed SoKtevvbal sjni-srebangiSibly insoiar a.s 
xhey boiii denoie i>udesc aeid poiy.aiers. 

ixiipcHtaist advantages of synthetic DNA a."; ihe suppon 
stj-itciisfe f(>r providing tiis array tt! {Jriest uiiiltipte doaos^s 
and accepior in a i-xsiisfcr .sixisctore a-'c: il) .rapid' SyathBid.-i 
•wife aalQjnatsd instrtijaetiis, la iesgths irom 2 to ISO 
.aucieodde uxiits (0.7 xsat!OXi!c£e»; (tviiy to 50 aaaoixsasm 
(nijx.i; (2) tsxigraixttiiabie reajgnitfoii *-i!:a htgii spsciiieiiy, (>,s 
via I !ac.v,>Ov-^ ^-^^i.t.. ^avl^ '-jixbixeo ^n\i 
Hiiotophoi'ss, e'arosiophoreSv JiiHnjty Uvbeis, raetai chelates. 



I p.r< 



i9)v. 



DN A c 
abis^botli mvaSsndy ar 

scj;; (7.! reversible orgaj; 
&.5r;a ti>re« disseosio-ns 



.tfoisa; properoes. 



I. fesieaded Energy Ixarssfer 

Tijc parsicaiaf &nctioiial eleciKiiiie/phosotiic property 
which coiioerfis ihs;; iTsvcndoti, is an CKiexitied ijon-xsdiative 
1 1 s<jr> oni -if ' r> -"f '^t > ^ I st ' t r«\ 

traxisfor pro-ics-i saviiive.s the aixiity of s dOiior group tcs 
absorb photonic, esergy at oiie wttveisnitdi (hv,.) ai?d ttuxisibx 
it, viaanoii-jadiiSHve dipxsic coupiifig pfoecfis, io sk aa'c.|S<i;- 
groap wl^di re-eajtts die pbottiiivc crwrgy at a iorigcr wave- 
length !hV;v). Energy traT:,sfe.r eliiciexiey dspetidcai lipors fee 
psxamaters which are givsir ia lae equadoas beiow; 



m 



where fi^^jbc tr;-tnsfer cfiiciesicy., !==ihe dtstai5ce hetweea tiie 
doaor and sccepior, k is ii dipaie tsietiistior: tactor, n is the 
refractive index, tjf the KisdlaEi, 0,, is ths qijssrilatti. yield of 
the donor, arid J is the overhsp i-n!egT.ai which express the 
dsgtee of e-vexiap beiwee-is tise doitor exmssios atsd ihe 
(ificeptof absorption. All other pannraeters beixsg op'itnjii, ihe 
!/r'' depesidcisey reijaircs a doaor 10 acceptor distsace of iess 
thaa 2 tianotKoters (;?.tl ..^ngstroHss,! for high eSicioxii essergy 
trajisfer to occw. Tabic i sho\v,s tiie theorsiieai energy 
tnitisier e.fisckticies by eoxsvsadoriai Forsier energy traasfer 
(ETj wiieti the ■iorii>r i'D) io acceptor f .'%) diiiisaee ra-igc is 
fiKiia Q 10 A.5 xaa. 

TABLE I 



F-Kr}. I shows bcpvv two Jiuo.rophore-iabeiied ohgoauekv 
otides (a donor atsd an ijccepiarj are designed io hii!d oi' 
faybfidixe tts adjaee.nx p<j,sitiox!s of ti q&niplemeniary iarget 
liiicleic iicid ,';ixa;)d asid t!5en piXKiuce aiSdsiit iluo-vcscota 
energy ttansfe-t Reiadve eisiciencies for iiie energy ixat-.^ier 
process caa iie cspxes.«ed:in two stmplisiic ways. Ths trrsx is 
.in iersns of the .risi.io of tr;jssfterrijd energy tij tiie energy 
absoxbed by site doisox; Uiifi is determined by jiieasutittg the 
relative atnoynt of donor: iiiiortseence xjnencbing ihat oecxsrs 
xf .)e e >t ti _ &V.U 'p.o> 'c<v.v.i^a S\^-> 

i-elaiive eSiciesey in iexnis of ;isc raiio of energy .re-emitied 
i?y iiie acceptor 10 ■he ersergy sijsoihcd by the doat.a', ■ids is 
deiermiijed by ineastiring the re.liiiive i.acreijae in acceptor 
fluoxeseeaca due 10 donor giXsap, While boiii xaethods ase 
eoniiidsirea n^iative nieti.'iiitBK of energy tran.^ier elisdssijcy. 
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wd&r^ih (hv..).. Vtdet 



ottjsr ib£«- by te -eiEission. 
;e ptDcess by wbid> KiiiStipIe 
ssjsrgy 'd\ one wavelength 

a ars mximar graup. The 
iiJed phoionsc energy at 



:s£;;gy ba caitected by arxays iy( 
^Uofia^ly iraijsforrsd to ajj approprisie 

1 ne co«&idered a xt-okcuJiir ;j!itenDa or aa!ph:k.t ! 

sran;;!err«d by a iiaear ajTsy of donors, so ass acceptor giotip 
at 5he ciifecrersd of j.hestRsetii!e whefe it is re-ersijttcti as hv^. 
This sypc of rsoiecaisr paoionic transfer jnechaoistn aart tie 7. 
consiik;ycd {be iJijxfivsSex!- s pjKiiKnk wsxe or connscior. 
These !nechafijsK«; t';-.'! siso be used to iraerc^ojiagci dnTeraat 
raokx-n.iar sxrx'!urei. to connect ;r.;)iccs:i,-ii- jiyuctiires io 
' .OS Ai ' ^ i.>. \,!_ ^oc.^i..' ns ^^t« ! i, 
iaces (nionoiavess;. j 

J A ^%ee v.'^i ^ x. ro t.o'es i^'v. i^l 
ia jjfovtae a aeisof-cioRor Bjffit;;er dissasce, which sBdicBies 
mat •ise Karssfct is o aori-vadietive cacxgy teasisfer. Sraiilitriy 
iiisianeis beiwees; a lei"!XsK;d &jDor chron-i&phs>re fwid da: 
aceepiis sdsnsriojibtHe are sdectsd -o sxoYidi; a doRor- ;? 
;soeep!or transfe;- distasee, wliids ijidicaics that tha fcasisfcr 
by donor is rson -radianv;; aed tesBiis m ihc excitaUorj of a 



pimg can typfcally tit^cur when ihaa is an cjverSsp tn Ujk 
eraissioii spceixsrsri of &e donor aod th;; exeiistiosi specfejani 
of the seccpios; 3 "sijitabie" aotrepcor i:ypic2i!y h&s sjj 
(.Kt, ilK s£v - n » ^ > t ^ 

t:v>r!Ospond;ns t-a^t^sble d.jrsor. h-. ihi.- regsro, oonox< s.i:id 
acceptors can be psited Sbr capadty • o tTaiis&r energy on tjxe 
b;j5ts of ovexlappisg dortor sjxdssiiMs ajid af^cjptor excitation 
spo.ctm, ThereJbre, ptJtexsdaliy ;iay chrotssophote can be 
J t, %M !: * ■> T p-o [to' ><n 

mm s^jecixaxas> aiai hisvo atifScieetiy oyetiapptng dositsx 
sniission <ajd a;;cei5ttvr sxdtadoR spectra t& effect enej-gy 
tritnsfer. 

A rsori-fiuores-ceni doiior prtidwdag iiuorosces; re-estis- 
sion iRthe accopiof group ss sc. eJitrejxsciy yaloafels property. 
The &on -!ixiorcsctiig donor is a corrisxjsstiori of die pxesesxt 
iitvcHtloti provides tise particular advamage of s low or 
aijseixt ieve? of eTtiissios by tise dono!', dsercby not conirib- 
u,-!.g to '^ivkgsoud £ne x:>Kvt.:»^e cruitevi !g; t t- a 

)0t <ll,<' .t>' vu(" x<>! S O V 1 Xih. 

ixM vei-y low backgfiKsnd aad are particuxatiy jKcferred, 

A niultipis dexior system coKiprised of stjch nos-fiijotes- 
cextt ciircHnophfires wotiid hsve very Hide xtsherenX atjorss- 
i;ent backgroussl This pniperty 0 



H tjf n 



tPsm' sxansfcf xti DNAdiagtiostic assay appiica 
oji'js oopornnx^ 'o cieae no-'c >^Ndd oi ;h 
!5istns atid appiicstiosxs,. 

Wtiii rcgarsi to amtiue f)ropof£itK^in acceptor 
fsnred aie acceptox;; witd tast highest qusjsttres yi 
otisr properties iisai issrre&se the sigjiai-to- 
bet'vveei^ spedfic stccexsor enaissiorts and the 



!>>X;t!i 



« Asd BoorophO!«: 



atid 



oapahte r 
able sfess) 



>f specjai etaoajopisoTS asus tiuorophore groupi 
xopsxate doTSor ant; acceptor Pali's vMch srt 
fiergy ti'ansfar i5y dipoie conpiiKg. 
pi'Os'e reicri; !» fetsse groups wdch -iSYC i'avor- 
OR ebarsetisxsdcs, x.o, are cajiabk of excittttiox; 
upoe -ift-adiadoK isy any of a varioiy m photojjxe sources. 
(■hsi>t;!i>^;hDrss can be litiorasciiSg or xion-iksoj-esctng. Non- 
"t ^v-o5g v^KJ-vrsoses m^' ,U xo!\t .-r<. cra«> 1; 
the ibfxn ;sf pbtHCirdc eKsrgy (hv-,), 'Hixis ihey car! be char 
a^u'i'.^^ r>. -f ,! w i^.x rn >id v%h c" *;<;' sadc 
of ejxiidcd pf'Otonic eneqiy jo adsoxbed piwtoxiit; axentv:, 



(Roa-sjKsifi;;) e!i\!KSU")r,s 
oi' apprtsjtohed to redtso! 
■Lsixig doTiors having iov 
XBSchsg donors, sefecdor; 
the spectral di^ 



DatiKgroatic 



die signai-io-noise ratio Ineltsd;; 
X ejxiis-djKi, preierjildy noo-tmo- 
)f aeeept«f-iiexa>r pairs hs v^ihch 
'.an she ejisi-isioa spectrar!; of the 



is rruixirtij^eii, tirid pxeictsbly selected as 
iRg, and the like a,ppro;!ches described 



Tsbls 2 hstft sOKsc of the psjten-ial chofomopbcres ai^d 
huox{5pi!oreK which t;jm he used as dcnots, aeeepHsrs, asd 
ipxeri vr', kif tne e\ cxicod et !j<v i^v.s..- mxw 

ntst meant to Pe exchisive m ihai is idsKtiSes so.rse spee^ine 
•yjKJs or da.'i.sc.s of doncas, accepSors, jsxxS qnesxehfeTs wbsch 
cmi prodvice these aijique ajid dcsirabie pro5)erdes. 



5365,322 



II. 



! is; 



c.tide.t; 



Paruaulany preferred dosjor chre?noph«rcs :}tv:- sdectafi 
iiora the gKJup coxsssKikig oi' 4,4'-,Diisoti!ioc{;^&Tia,'odihyilro- 
stiibene- ~2.2'-d<ssiifi)niir ;Kid, 4.ac;ete!idSo4'-jsi>thi<Ky- 
asi;iiO-siiU;ca&2,2'--dlsul;«Kic scid, 4,4--Diisoi3iiocyaaa£os- 
ttr:x>t;c^2,;?.~-iissiiiftsT!ic. acid, Sxiarfnisaiiiyi pyfEae bijtyrats, 

!;y'i-.r~i?othu!cya«a-e (DABITC:), lAu:ife.r Ys'Jow vir^y? sui 
{brii;^ FiJKrJ-cscsin j&o;iss«cya!5Ste, Reaciive Red 4 {CAb&ctm y 

Ke<i (SalfoxSiOiiasSK'e lOi, suilt-ayt chiorkje)^ MaiacMte 
CJresR iswihsijcyatsi-ie and Oi 5.446. Eserfipiaty il(!R0S cteo- 
siophores are described ss ExsirapSes, 

Fi-nkuljsriy prefertsd aijotesdxsg accitpuit- {.-hn-imophorcs m 
ssiected ftcs; ihe grc-ap coastsiing of pyrene. .l.ueifer 
■YslSo\»i araii&ic. rib«ikvirs, fiuoresceia, !:i)0d;arss;!e, Suifor- 
bodiiirise lOL Texas Rod sijsd 144, Exemplary fiKoresc- 
iiig accq&of chujiiuipiiorssi are dsKeribcd in the BxarapJes, 

A;«! eoatemplaied as use&l doKor or accepusr chro- ^^'^ 
msphoxm for she mvesSiOK incdiji-k; feo.se cteorijophoies, 
denvadves of or coaibifiauons of, which v/q-M ailow eiec- 
■H!n.k; signais ;>;ich s;j excised Bjei^iron.s to enter iiie donor- 
mmv trsnsder systeni SKid imn be trssrisferrcd as tijsojiiiju 
etset^' i« ijs; i«:«;p;x5r and to *8 system s5 ;jH aiectti>ido 50 

both, ij,it;> j.yid ou; of the dofior-cloKor-accspttir rransfer 
systaai of t'sis itivcaiion can h:ivoi«; chromophofsCsj 
! ' oj I i< 1 rs^ 1 >.'■ '(.so 51"' r»v 

jier. ao esisrded energy transfer systea-s of ;bo: pre-iisnt 
inYetsUaa caji feiticjioa ;i^> at; idsci-rordc ajatiscioT or signal 
eoadui!;. PossthSs eosve.rj.ors bss.ween electronic eri^rgy and. 

ceils, ;a5d the iskc. 



crtsr|;y txaijsfer orocesses aad srsvsl phetomo a-Leijhaatsi 
ThesE aiTBRgeja; 

(1) Arratjg^rssejits of sjiuitiple dotsors groups (iluoixj^cent 
aad ison-flaotesccKt) ts'sttisferiftsiJ. energy to a siagie or 
sifiaJlcr sii!»ti, atc^stoi j-'ro-i"^ <,\\,.f;i\, ^vi ap'c 
dotHsrs ttsasiex tsj a sixsgle -accspior group, bai m^ler soaie 
cc)ndiii;>5is asid for cerisia piiOKxdc taeoiiaaisais Bierc; tten 
■;)ria accepior gTowp Htav tse Bsec;. 'Itse pxefeasd arrange- 
ts)ent;i arc those jtivrfiving She isoji-fiaeresceaJ doaofs, 
v/ltick provftie the srtiprsrtaat ativi3xsl;M:>.-. tsf a iow feackgtXYutjd 
ex adfo eni 'Cs t a «0T ^'■o^t:^ ts i k<. ^)at:>,><- 
msnis j'avoSve? njoilip.;?. iiutires.cett; tkmers, «xsr!i.ed i:! the 
vi.'fj.ble regiC'Ji, which ■rtssisfer ro ats sccepiorfs) wisich rx;- 
eaiits in the {?!.fTa-red regiorL lids k a asefoi .tT3£ch<aTii.'>!a 
beeatise iiis jafrt-rred eiatsifiea ciiB be deteacd by op'ttr-rJec- 
ti'omc devices which sre aiitcj^ iess sea«.tive to baci>:.gTousi:l 
Siiorescetice produced, ia the visilsSe regtoa. 

(2.! Aiua^gcaiefii.s m *isch rsjsltsple donor g.tscps (frats- 
re^-iccat aiid Boii-flaoresetm)al>sorb light, ax hv^, ajxi irs-tssi'er 
!.o aa :t3tefinodiai;e doaor-aeeepior, wkid; ihst; tTaas.fejs to a 
fii^al acceptor groop^ wlxich rc-enxtis at .hv.;. Tiisse arxaage- 
axems have xhe advaatags of prodijcing t: iarge Sstskes .shtit 
beiweetJ the exeitaiioti waveie.ngih (hv;,; aad d»; fitrissit!-) 
wavelength (hvjj of the sysiens. litis i;; itapttrta-ss; ixcaxtst; 
the istrger ihe sepstratton beiwetja exciiaiios aaci emissrciJi, 
•he kwer the backgroutid .S-eoresceaec for xhs siysteta. 
Exeaipiary oi>afjgiirattons are shown in TablB .3> wsrere litrec 
cteoiGOphorcs ar'e shewit ia series, It-e preferred arrange- 
ttieatii are those which ttrtasfer froni aon-'mo-resceat rsr 
ftuorescest dottors to aa aooepiorCs) which rtj-e.tnit stj rbti 
tafi^t-red region. A prefesTed esaboditsetit ctjatetapiatjes tiie 
■use <}f iRI44 (a Kodak leaser .Dye), a cia-oxTis>pho!:e i.ha£ 
accepts exciiattoa ettergy froir: jjotit.KS tiiat ttre exci.xat; in the 
visible region .ajid then re-etmis in ti;e. ii-ifrii-;»-) repmi. 

'^peea vAuCpcien!'; 'j^'noh ^e^^a'-^ ^.'irs^'^t )ac>!e 
groups with ,siroag quenchiiig prtJpetttes ;ire ttsJii ttt prevext: 
Siioresceat emission by the acceptor ,s:ro!jp. In thi;; erabixSi- 



, tlx-; J 



. Doitor and Attcepttsr Pai 
;iie oii«5n'iophorc-s sad faci 



rooht^ass isstsd 
tixgisKtsitHK or 



tjcettciier ckomophtsre (or tjaencher), that bas the eapatdty 
to accept, like an acceptor, the transf&r of energy by tiipcijc 
conpiing, bsi. does )X>i have sigrtihcast etttiajdon. Ahixtttgh 
slaaiar ia propcrdes to a aoit-rtaoKseitjg diimr, rhe tena 
quetichsr refers to a aoa-feioresei,ag ci-rtxaiophore thai \i 
configured io draw the ertet^y poteauai tiwjty front at; 
exciie.d acceptor so that: die acccptfjr dcKS not exttlL i.e., tv& 
■ioceplor js queaeheci, .Ati cxeHtplatj' eoitf5gta>iiion udiiaitig 
a spasteher chrotJwpbor« in ixraibintidttt! wid'^ a jsraliipie 
dojMir oiigattocktydtic trf ttte prcsexa itrs'etios.^a is dcscriixd 
in Esatapie 3 atxi FiG. 4, 

I'he Ttscchatiisxt: fi>r cxiBrgy iratisicx tt! a quettdiittg chro- 
taopiiore is t&e saaie as for doi!or-ds>aor or dttaor-aaxiptor 
traxtsier, x tarxstdy dip.ok; ctrapiirsg. fatd 'J-set^for is sabject to 
tnevnt nun -e -i^nis <s o^v. tx-v >^er x : t tn<i 
let disiaxsees ssid .optiitaixtt pai.oatg cxiaftgnxaatjiis, Ssexsi- 
piaty non-iirttffcsccni. cbro!Htspi.xjrcs sxiirect for cttittttcbirsg: 
ass RctiCti ve Red 4 or Mslaclrdc Greea becaase xhey have no 
tie!cct;:!>le ertiissioa ijnti tttey t-re itxsattsi at &a "red" end ot' 
the spectrum, aad Uicrefsre eas be selected reisriye S) a 
variety trf acceptor ciircftrtopbtjre to accept upiextchij sjiergy 
sou ^ v.psx HwfOjC tcij^N ' \^ (. no '\z>e^ 
nteats stre for the i!.on-:lru!K;see.T!i; cltrottropboret; Rtsttcds'e 
Red 4 or Malachite tij qacttch (iaoteseestte .in itjc Texas Red 
accepiof grtjsip. 
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In those c;i<e whet« quSKCfiiRg is a cieid-^^^^^ pnjpexS.y, shesj 
ihouM be kept ir! mind shai QueSiChsr-aeceisisr, dorsor- 



beiween groups wbi; 
doubie-stniaded DNA svructiires. 



■> T(;.V!» fed 144 * 



Syathfiss.s 



be eanfeij • 



tide 



pjor, and sueischcr gs-c-ups 
escnbed sb<5v!,-: can ba i:d;iavsd by eaiiej jTscoj-iJOtafei! 

igia DNA polynKi;'; or Sy jisitig a .DNA 
Ktijpiaie >a assesible various combissJic>!3S of tKislsipie . 

^ticscher DNA tJOlymm. Both, tyoss of axranktneats arc 
;howT! scbematicsHy ia FKJ. 2. 

Wish regjsTsi ;i> tfes optisiii;i5 posHiOiJiaj^ or ^pacdag «f sbe 
m-nsxy "dttjxvr k* i:c;;;i?pt<5;^" pair, sijereby ;br!Xii!ij? the ddnet^ • 
jecetiioi iransfe:; ■ais<i3sca, ;hc basic distance detie;)dat;cy 
ix b<'-<i.(j !firs;t'- r'N'!5,!-ji i S5mj;uj^ nf ^l 'f^ 5 -stt , .rvi 



sssigia arsd doaole-sminded DNA polyssxts, 5^^^ «pdt«ujti 

jxsiiis, Ai. iho Khofisr ssparation diaiaiKca effidency tsm 
iheioredcisJiy apprciijeh li)0%. As, a di;5tan;sj >4.0 saaoa^esers 
«r 12 andctibtie unirs, energy trSRSfei: egsciBncy is tes ihars 
2;>?£u For liic: psif;!;5xy dciSi)? ji^ceplor syupUng, a doss 

jpccial ii:!k;! SHB djandstries whieii oijexsr groups for 
opdrnai fiaergy lfa.usfcr ;sKd elirrdsatit any secoiidsffy 
BXiu'iid-drjg, snachsjnistns or exciiii'dOR tsaps, 45 

Wild Regard lO liae opdniora jxisiiiomtig or spat-ing of &a 
■■diKa"' P^-^* ^'-^ aralaplc^danor ;jncmgmer>js, 

pcsmioK of tnuiijpie dor.o!^ ai £00 cUssa a ST!ijcii\{; can 
soterfsre widi the, abiiijy of bxs DN.A, ro i3yi:fr.dj:;.e with bdijh ?:o 
^''^ ^ V ^>^v \v ! s. >" 1 » ■i'-v a ' C'da 
V!.'o< ! o> > \ s esse J ..x. ,s ^-^n s nr 

eSdency Prasexiiiy, dje bisa !!v;iiiaB;scsendso:ies iBr Kjsxii- 
iviag a pi>iyi;!ialsodd8 sequence Si iijtaoiai jasd J^sraitsai 5S 
poixdwis aiicf ws donor- <Sonor sp&cings oi'abou;. 4 in absjut ] g 
;joc;Se;3bdt; anits (1,4 nm 5.0 6-r kss) io s^bieved over 

cosmic! be raa)q»r;ft«d di a singSe obgoTisdaoiij^e sequance 

IS ruidecdda s-raEft can be used, whmi hybridHs-UoT? oi" a 
i0m9ice.ier.iary mniipk dosar :Kiiynuc;c(>ddc psoducav a 
dciiibiO-stKixidtid ssructura v«Eb alternaJing dosiors sow 
;n?ac!jd St 4 to 9 sjxscleajtde uriixs, Tbase aiicjasiing donsr 
types OS K-ntciunis U'saiui&is; reasonabis is^Tiafer eSBciesjcy, <js 
rsdeec irnxmsiavy ikis)i>r-4oaor qasjiddrsg, sisd iriierieri! less 
' " V ^ „ .V ait ) o « imai < d s ^un 



^ ^ iisrng asy oj d;e vaxiety of 

odd»; s!ic;i; as by prasestiy av-^ailaijlc; setojxjasoiS DNA syrs- 

deri vatioB aS' nuajsic acid fesgtuejits Srum raaivc n-iciaic ;idd 

piaiaaid", or'other vecrer, such as d-y toijiricboti eadoaeciesse 
Gigesi oi' isi'gar {loshSe-stranded tmcloiu jjcids asid sttaMi 
separabcyf; or j>y SRicyssasic syrsdje^ds sisirsg s- Tiucseic acid 
tctupiata. 

De novo cbaiSMcal synthesis of a polyeiicieotide ear; be 
«»idiK;ts<i using smy sujtaS)}e foetiitx!, sisch as, ibr exajitpie, 
tise r)i!ospl!Dtrie«ier or phospbodiester ssetbods. See Naras:g 
e' al , hfch t': \'moL, 'ii.l O.^ i -> P ! \o 4,'55p, 

and Browii ei al, Mcik EnxymoL. m:m. (1979). 

De:rivatioii of a poiytiucicobde from sruaiak acids 
ifivoivcs tho i;kif;!ng of a sucidc acid ia-o <U5 appiwpnaie 
host by tneatjs of a ciordng vecfijr, raplkaden oi the vector 
aod diefcfore raultipHcadon: of the ajiUJUSt of Ibe cioncd 
ruiex (i. d „tddx' !,v. vWo< I' t^-ag'>e" c 
cloned jiwcseic; adds. For a desoapdon of sribcioa;r.g oatleic 
,j<id !r,i;;"C!^ <, Hc M^.< ai < e. <• it C^.'ins \ 

Laboratory MtmuaL, Cold SD.dng Harijijr Labciraajrv, pxi 
'm -4m (1&S2S;1 aad see fis. Pas, N(ii„ 4,416,SSg and 

S.a preferred eJKbodtjjxaus, aisiotnalad syMthescs asing an 
Applied BiosyBisnss M«tel #38i DNA syndiesizas' ssid 
cooiTneresady avad.-jblc 1. Applied .8if)sy,s!.e,sr!S.S S'-dirsctisox- 
ytrityl micieoside b-cyasocdsyl pbo.spbaractiidtie reaganis 
and ctJiitKiiied pore gbiss syjjthcsis coluirms wck; ccssduetcd 
ior ->ha work descrited iti •isii; paiet-!; appuaatioa. In addidoa 
to tfiB "staftdard phosph<jj:am5di!:e eheaiisis-y" csiiier die!yi.-sS- 
p-)e«s tnciiiditig RKA, dydTogas; pbospisonatc, and: piio&pho- 
ddojjre raay also be used. 

.Modified oirgoru-claoddas wish itaerua,! or ie." udrsai faac- 
!W!iai r<'jrs io. >.ab^l,,^a. ' aoc'ifg.;,' h su r -1 > 
i!ar!-!>er of ways, Sevetai panieulariy eseful •ssdjixis So 
incorporate ftraciiorial groisp.s ijie das<;obad below. [Fori.bis 

functiOT.?!] «roap&" rnesits eheadcaSiy raaailva groaps (pri- 
Uiary asnines, suiflmbvi grosip.s, aldehydes., eSc) for sajb&e- 
Cjijcai eoiipllag widx Skairciphofes o; cdiotnophote;;. Tbls 
sbouid. ool ix; cciofused wbb ''iactjrpo.rado.a of fuacUonau 

eems ekcu-oHidpiHSonia propenies.] 

Ititeroai iVifJCiioaal p>nraary jsxuiaa groups a-i.n be incoa 
poratcd at seleaed posiiioiui witiiia the sei^aauee aad at f;de 
3' aad 5' tetraiaai prsaibosjs as suimbly pf«stecjed iiuker arm 
rujdi!OK!des (S'-dlTJietboxysniy 1 ■ SIN - i'7-f tilbiofcateesyiajm- 
\J epfvl 2 cxoK^ r.daa > U oi-< „i ,o-_^^ i ,t f-b 
r^fi' -m^sa,, idt. 'i)pi ^b^Cu! }^i>i!^i i 
casiiy iocotpciraied dariia; '.he aiaoujated SYu;basis proae- 
dare. It p-fovidos a prirt-ary ajslae group for sabsequeat 



s sclivaied flaos'ophojes and 
Kf jsrrK let'gth is 1 .5 narsom- 



djci S'-tenrjifiHi. position by ■jsis-j 

(0.9 nsaiivRem&} and a proa^ct&ii sssiiae gTOup (supplied by 

iS:?!, fee iricoqjofatcf! !?!, she S'-temsifiaJ posixsos ai the cad of 
tSie auioi-aated Sytiixsciic prisced-jxe, pwvMiijg s priassry '"-^ 
:ixnbx. group for siibssxiyeat coupHfig reactions with variouf. 
acuvaied fiaoi^pSxit^js ar.d chra.'SKsjjhcsrcs, 

A dlffsrsm type of f-jneuossilky c&si he inmiporssM st ths 
tt<5Tr;j!saS sxifiisioa isy stattijxg !:he syniheiii; priK-.edu!:e mln^. a 
riboniiateo.?idSi instead of & deox^ibomideoside. 'Xlsis pro- 
vid«; a riboaiicJeaikfe at 3' tertniTta; posiiiOii of ihe 
oUgomes, wiikii subsequessXly can he oxidssssd -mxh sodhiin 
psrj-odais to foTsi resctive aldehydes gnsaps which esji be 
coiipisd wi'i! a vsrieiy of Stjorophores and cbromophores, 

Ti^ese pax-edufcs for ranctioisaiszing oiigoRucieoLides sx& 
xsoi, rnsjjHi m bg excitisivo, as o&et proccdares ms avaiiabte 
or CS51 Ijb dsYcaopar; tt! slitfasr ersabSs; tii» i«n-el eo,r:C«};ts of 

/Vt ersd of «ii;b j-;yrahssis !h« finished oligonaclsoside 25 
(•jKK!J!;s;d or vss-asodifled) is. released iiosi ti;e stspjXfrt asrd 
kiitg gratips resK<;<ved by trsaijxss'it!!: wife ciinc.e.rnrated 
"iS! hydtoside ibt if hours ai 55^ C. Tm dtmetiKSx- 
■ixtp ea!> be kit on &« oiigoijucfeotids So iiidi-} thi! 
ioti. Trie 5'-;r;!yl oiigomideo-ide cm be paniied by 30 
'isase digii prcsaure iiqnid ciKortsavogj-apijy (li'PLC;), 
Uy csf each fti!gon.iu;ieo£k1e pjxiibact cnn b« deter- 
y anaiydcai poSyaeiyiaitide gei eJectropssofesis, Ai 
:it Sise afMStOdifasi oirgoraadeoiides are ntady for 
:;r!tai use. Thfi td.igooijdeoiitbs wife reacdve iinker 35 
as'isfs; esji be ieacsa-i wife die spprcipriate activatati flyo- 

"\x>iO R„v>r>5yi -Xi. ^.vd . aojTsopr'OK' dotBsaOve'- i-i^at m 
imi iiiofeiocyjiHats, suifonv! chloride-, sneoiainadyi or 
triasiae, t-sn be easily e<iupie.d lo oiigatjuckajtsds.s coritain- 40 
lag pdraary jKf-fee faoeSiionai groups. Oligoniicleottdes con- 
tidrtiag. 3'-tera5ir!;d aldehydes (fowox pe!it>daSe ijxidimi ribo- 
Hodcodde) can feo reaeisd wiib fiaoropborsg and 
cbronjopbores with priirtaty aasrjo or ijydi-a;<'ida gjwps. A 
wide Viij-iety ;;f rcagSHlr; assd prixredureji exisi ibf !nco!|io- 45 
raiiKg diffesjm ib.rcropbOiSS a!5d dwomoshores isuo func- 
tioaai!?.e<i ol!goj!.«ale;>tidc& [see: Bioc:(!!sjnj>ate C'he.nd.si.ry, 
Vol \, m., pp. IbS-lg? f 15«0)- Sya;ons, R, H., NuckicAdd 
Prams, CRC P;-ess, hie. (iSfS?); and Kelisr et a!., DNA 
Fivb-is, Smcktsm. Ptoks, n989)i. Also, direct Suoreacea; so 
labelling of oHgonucisotides (raieinal and tasrairsal} can he 
carried oa!: radag iba(jreseat)S; iJlHoresesiH and acridine) phcs- 
phon-midits (ClcasecrO, 'V'^'SUi drta procedura a aoraplete 
•raaSeodde Is rcpiaeed by fe.e Sbio.trscem phosphomttddite 
denvstive. "Hiese derivanves are isieixparsted duntig the ss 
<0! 'S3. ! "'J e. '>N \ r J s or^ri 



Mecb 



;es, ajtd Systes 



!:;; to etrasjaske feas. ths progran5iriabiHiy Of { 
the furiciiosal moleesaij- cr.nrspBitents, via feair nuckxaide 
."Sijucaee, allows theix- seif-.asembie and orgsirdEe inio 
larger ;aid raors eorrtplex dcSined strrxrUires. 'Hris program- 
raabiisty sjxl SJse fanctioasii sfccirtsnit^/phoroidc propertie.? of 
ths;!!? jaoiecidar etsa^ponoais enabie ptajtonie cQSiRecJions, i 
ajriphdcstiori fseclaaasro.s, nnd asjtcnria .mays to orgard.?.e 
within the straosares. The coaibinauea of properiics uisi- 



u 

inately leads to Use areatioa <d' pkaoitic tleviees, pliotovoi' 
Eaic devices. bioseissorH, aid Ixajxsijesxetiiss sad ijctetwge- 
seoas DNA diagjxjstie asaayK, 

Sisce a larga Krasber of DNA polyKsers aaeb aoraaifeng: 
a aisarbsr of dorsor group.s aao be orgsrsixed t«gefeer. It is 
possible to build reladveh' large ariieiasa e.T aaipiiSer sxa- 
works, or to rsske loag pholonie trarssfera asxl eorsfseedtsis. 
Wiihxegaal 10 ex;.C!xlcd energy trartsiex for anipiifieafem tjr 
aatesaa funetioHs^ dx: iiraMbaf- tsf tivKiors ■» an accepioi in a 
gives Rtoiectdsj' Sirucvrsr^. or sy.sierrs deperai.s ors se-Yeral 
fa sofs 1 t^>' . ix^ju. 

ing o« fee iiaaS systeja; p) the oYeisJl ersariy transfer 
elSeietKw for fee iionor arrays, fea aaajjtam yteid (QY) 
of dxe dooars anei fee acceptors, artd (4) dre life tirne \t) of 
ihe donor and ;icceptor e>xited states. For saterxaa or pha^ 
■onic ismpisdcation appHeatioss, at ktw to sisexsfietiiate light 
k^th, fee fiusibar of dojxa's to seceptox ctiald xassgs frcirn 
tint hwer Ifndt of 2 10 i , and preferably 10 to i , So the upper 
iiaut of l(f to 1. Far he!ei«gensous Di^A diagnostic and 
Bioseijsor appiicatioas, the natolx:? ofdssaor-s tt; asx acaapSxsr 
eaalfi nitsgs froiji ths ItJwer hmh: of 2- to i. and preferably S 
to 1. 10 lite tipper Hnat tjf iO" tt; L For hex!:eg«t;ous DNA 
dijagoosfe; appliessdons wsitsg fee lypie^al tseresry or serttis 
^'gbt sya>Cs'. f>^nrst jX 't ^ <t"xd„-d sx . js)feo>r-ai e;s o- 
otiser -.iisTmn! >rt£s fo- flnore^^cets aaal^ii,, du aaiaber of 
dwiors to at! acceptor could ratjge Iroxs; ttie it.swcr bnxti oi' 2 
to 1 to the upper iijxrit of 10"' to 1. Also, ft;r so.ma phoKadc 
ruecharasiBS ajxd eerijjisi doaet; applieadoRS, .-s tsxuidpie 
dtKior DN.A poiyinexCs) tnay sratisfer fe an acceptor DNVs 
polymer whseh ii8s»x;r« diar; orse acceptor ,groap. 'i'lse sartie 
basic xsuios of deaors m jiccejsor feat w'ere given above 
apply to the xhtKie nxolecislar stractaves er systettrs which 
have as acceptor- DNA priiynser witSs rsajra t&it; one acaaptor 

A device cf feis InvetitieiR easx be desiidbed irx lerrsis of a 
duplex, xiiicleic acid strtarture, that is> two or .rritxre polymscie- 
oiides hybridized by aosrveiidoaai eo.Ki!iexx;est£ajty to fijrsa 
tise Q'pscai doable strantled daplex, o.>;cep; thsj!: a "strand" of 
fee diiplesc caa be cotapdsed t;f two r>r raore adjacent 



pblyjjx 



Jiides i 



a FIO. 3. 



fore ccaaptisad at at least two ixybdiSxKai polyixxxdmtiiies. 
The stnicixtre has (i) at least t^vo dorsor e^taxasophores 
opexahvely ihiiredti! fett siructtircljy liaksir axrasat-aehtKltt; 
a ptiiytiijclaodde of the su^uctsir-e .such that dte dotsor chre- 
^!jopS"!u\-. art ptM 3or,. i w tb.. d\;i«-e a ^rs- xi lenfxh Ci 
the stmctiJie at & tsoncwr-dorsot s.rat!sS«r dlsxspee, lixe ssiuc- 
lure also iias (2) at least oxk fiaxirescxtsg ohiortiophisxe 
opeoidveiy lirjked to fee sxr?ic!ii;'c by a 'AtiX&t ar;x axtaclsed 
;o a polytxaole^tide of tae .ssiirctart' attch that dx: ijxi«:-cscjog: 
dironiophoj-B is pesitiorrod by the hrrkago at a donor-^tjceep- 
tor irarrsfcr distance Irorsx at least orse of the dtiuox ehxi>- 
snrsphorea. 

As saggcstad by the r:»rd!garadon shrms ir- FU"5. iS, one 
entbottbriotxt otitt involves fe;e use ef otte or raoxe alterHaUxtg 
ciKOsiKjphores. 'Faat is, fee straaturt-; cont^dHS dtJ-tor chxo- 
r d o*-! > ! v » ^ s o< V > S < v Uv^a 

sisclt xhat said doriar-doiirx txaasfar distaxsta; eaa xa-oss (aissr- 
rsate.s): bstweea pidynacleotidcs of slie duplex. Tl>e aSsertjat- 
ing coasgurauot; cars be stjcb feat sosntMior^or-dotior Sxans- 

to r^^a jx '> SAvta < so <. o opj ^ -^i •> > ~ ''ds 

irtg. 1'he altamtahxg tran.tfex dxsxafsee can be expressed in 
lertas of a doRor-doaor tsxrasfer distsrtee, as desarilsed 
betxri!;, or cars be expressed iix terxsj.s oi' aijckcstkle base 
spacing, "rhxss, far exatrttde, a struetrsre wife jdtesRadsg 
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I dx' -i^ vxs, t ao I t I 1 ) i ! <.U V. A d X. Ulv ""-^ ' U i. !f vv. ^ ipt 

< w i ^ e > v-,i,ev".s (_tot 1 nicmarity is well tev>w:5 SR 

s;ng!s poiyiusciSiJiuse, as it applies to a s-eageiit 5Ji>5ynKcfessid£ proise), ;jHd 

Axsofeer en^ibodimem; ss &e u&s « fee. capamHiy of therefore need n»t be clescisbca ns tes 

s pijoSiJHi;; engsigy imsfer systK-n or djajii. The- phoioric ixc. ayusm further cotiiskia m kxusX one Ouoreschis tfci)- 

^ T " { 1 t !h !oi inpxitvf. i r M \ 111. ^ c 0 > K s h% 

i.„e\x'tidi- o-t-..r-Mcnis -iesa -vc 'ler'-a Thu,* a i-iho'Ofi c atre, «ic5- ihr.. f i,.oie>u at, c!\t> V >^i.. <i p<.is«ws »i b\ 

energy Ji^asier KyKless e-isrjprises a poiyni-cle<nkfc h;j^ iinfetge & a dotio^accetiiot muiSjeT dsstanci; iHsm st teas^ 

don'» chjaitiophatss as dfiscribed befesS, ilie cjae of tha doao! c!)Ti>Tr!i->p>!afes. la rfeis cmixidinicrn! , btsth 

poivimclfcotide s;5;jy ijiso contaisi sk acccpissr diromopSiote, the acecp£i)r and ratutipte ticirsix chranisshoiT? are orascrfi; 

ouaes s:! •iio varjoys coxingiSrsdatis destsfbsd bfireis. ssKjwn is HG, 2<a). 

a- a / f rescn: trsetiUu-s dcscr-ix's -.m-i-iurcs .nd If. -isxithct erahiKiauf, ... U-sgtso :k s>$:en; rK;£;>ies a 

usas;;^tjH)d ihijs. «r5s em!K>diR!Sf:i anjtenixsiaEes tfe use of ifee clHOKuiphoie operativeiv lisiked W said secottd polyrjiic-is^ 

- ed ..a -iv-! o \v »> p \!)n. >x yuUt b nk-<- U • < f s v^s 

viupiexes, phmm ejxergy itsnsfer sptms and the bkc. in HQ. 

|> solid amtc Ths , is, a pt^iynadeoudets) ol' dxe ..y..;s.r. can j,, ^ ^.^^ ernbo&mexf., a diagr^ostic sy.;can aiso con- 

... .>,K..:=...v...Y i.r.^eQ .sitaicned,! lo souvd support to faa,u- typically it; a scpisrate mnUdneT. a o.-^ichc-r poly- 

P,.,).. , .vy,;,.,,>, j,a. p:j)-.;cu,ar.y s«too _b>x ckcixanu: poiymicSeonde is eompletnejuajY >o at least f:o.mo,n of ihc 

^ '-'^ ^'''^^ s <'"P'> -u' - vk . k^>•^ , i. c , 

<.ae»£yin...;«er,oaduas,,ndfeedke.. -^enu^a-x. - ...po no . s >. C 

^ >■ i 1 P*.*> ^ > >»d ^ r OlV * b pC \t ICk U(i 1^ ! ! t, ! t t<f> ^ 

Jiny sjf ti^y3!-ie;y ai' ttjeaas arid is xiot ia be tojistesed ;>s poiViiacfcoEjcfc, typfcally a* lejisi i§ pcxcsrst moa^. Wd 

'-x' xs!; L-<eT-Vay iiucsxnrx. >noa--'- a';' dcsci! xxUb« norr pxcfe xib > aUcast '«) 'ri.n-* sK>it. i~<.-o t'l.s.tux' 
v-aei-e hexeisx, asdaxs gerisi-ally wdl kjxswii to one skilied m „y sccepua wsIS prefstsnUally'liyiJiidizB to b: tas^et saoaence if 

i.ae pt>iyriiivfe<!Uck-; ;jri,';. proseat in the hybd.di>:.atior: xxfeikiare. 

la one eirsbodiaieax, s sobd m-p^m can represeat a l-fae reagesats specisa. La., ahrosaonhete-osaitabKia wsly- 

passive sappori, d;a; in tiie suppon sets passxveiy to ixay niicieoiide of sbe iave!xtfi>a, of aay dsaj^xsosiic systeT?! 

boidibscnat];y ■MmsierpoiyRadeoi.ideiRtiiesobdpbase.itf descrifjCiJ handn eas be axavided in' solatlim, as a lioaxd 

<■ 5 (V o 3 ^ tar ^ u f !v >i ispersun o a s r i' % ^.^ > ^ s 

x->vt X ovxL'N . „a^aL-" ::r;<j<. veno" sex av lo jWuw f>r'n A so 0 ^ipsMx a- i tcicfoa . s xe 

' ^ a s ss\ >^ f ( a^ » AX V uin bifts- N f X ! S ^ n^, k n > vk < 

10 dcta*;;., jveaive, (josvest, tfsnslais or trsasxnii: tfee smiKOxi elcoxeia!; m this diagnostic assav syste'n. 

pbcaarac aaergx^ koxa the acceptor to a second otji^ait. Axs ^^^.^^ ^ ^ , , , , 

:u,:™''f F^-^^"^'" pb^otovoHale, £iad casto.Ta^rily udliaed i« dkagrjo.soc s^^stenxs, 

!:.\e oev,ve as t;i« .v.xaa pjxasc nxaoxrinx. -^^^^ ^.^j..^ ;<^kAgL '^.K^ ^ j v>i ^ s^aa-fN < ^cx ^ sat s 

as gioss, plastic, paper, toll Jtad the Sike capabie of boldixig 

f3. Oiagrasijc Sy-aBJXis and Metixodii wxtbin iixwi iiixats a dtagatssik resigent of tbe ptesent 
invesmOR. Jhm, ibr exaxrstjk, a piicksge eaa be a glass vial 

1. Diagixostic Systems > ssed t i. at; > „ <03 uJip.. i <3c jt. t 

X ) t !o .tvtlo.! J! es£0'e.^^a .?•• .Oiagnosiic Meitods 

eaxamopt!are.cott;3.xni.ng polyaudeotide of the present xhe present, ir.ver.tion also eoate^xtolates xxttv dia?.Ttosae 

itn-eatxan, a sxrpayatay packaged .^^^^^^^^ ..^ ^.^.j^j^,! ^^^^^ ^^^^ 

..so 0. .ae paexag.,a .eagaat a.s.. typutta.y xnd«ded. pjxdijced by ;jo cbxomcjpboj-e-cofasjaing stnsciare of the 

"tostrutaioas iof xiss" typically ttxclude a taagibte expres^- nreseat aivenbojx. iasoft?*- a? tbe e:!^«si«n^ ^^v'^t --^f 

i. uax acscritJiag ibe rei^tejji conaa'jXTiJxion u!' at kxsst one axeitai.U!t3 acd .sabscqaer.t o;=e;-gy trartsier trottx ihe s.xdted 
a.ss;!y ■jjethoti psj-aaseiar sac^; as the reistive aaaxatts o;' donoj- chR'aaopisores ^e^ tixe accepsor cbr«)rfasr>h<ire. the 

^ i X ^ 0 . X V. n j!^v ! xrx c ■^x. I ^ jTr„s 3 * ni >o aj n s i x x t s 

^^t-?" 3!?!'^?^^ acaxassxaes, tcntpemtare, taiferccm- . ..otadott of 33xx orgatttzed stracxxte of fhis xxiveation 

v;:v ,!sx., sjjg^j cojxtaiils Si!, Seasx txvo doaor d;rc-i3xsi3b: 

lo «3»e asaboiiiJHeta, tise invetxtiixt etJaxettxplates a diag- bsxked 10 a sapport Kinteiiire by liakex ana 

ntii,ije systei3i k.r pbotosxic detscUoij «f a ;xesiilect«!d i5i3de- dxaiot olsroraophores arc positiossed 3ka3g tae leased! of fee 
ataie sequessce corapr;SiX(g, sxs ats Birionfti sagidexii fca at 6ft fi!3pp«>n.stades«!r-dot3ortr;3asfer{i{SiS!XCe.a!!dd;:o contMris 

leasr. oae assay, a peiyjxadeotide navittg at least two donor at. least xaxe iixiortssdavt xtceeptxjr cbsoxijotihjxe opert'avetv 

otisxisnopbo-xis i)pcrabvely bsked to Use piiiytiijeleotide by Bnkai to the support saueture by a KrOcera sf a pim-k^ 

a;5k«srixs,wheK:it5tasd<a5ixebri>R5ophores an; poskiar(ed on tte stmcasre that provides "a do-3otvja:t:et;Sx)r ifsas&r 

!>y Mnj<.age along ttse iengtb or satd po!y5xsa;leotide ai a distance min s£ least one of !be dottor chjoa;ophi53ras;. The 

< '^■^ i " n !ut I t at s (, t t £ t o! s 3 <■! 0 r X J io X % ^ « 

&stg3edioi;ybfsd«Ki;!xitbep!e&elealBds!!3da<ssictesi;Qa«^ itiducK aen-n3distjve e3xeTgy trassfer betwaar3 tixe skjtior 

ii. e.^ thi^ targei aucida acxd seqij^snce). srsd diexefore ctjn- ehrOHH)phcKS as a "coliecb;3g" ev«i3;, and to itidaee noa. 
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radiassvs siu;r,?:y •mtmi-.r betweet; &8 doDor chroniophora 
ii'id £hc accepKit chrot5Xiph(ire such trjat she a<;ct:f)!:oriisdf is 
exciled sisSiciasi ia residi !k ernisskin of phoferaic eiispgy. 

{2; deiscJiois a' tSie sesd'J-tig esisllted photoaic eiscrgy by 
llie ase any of a vsriet-v (jf phoJojiic seii&ors, .5 

ITiie ys'gajuzcci sttacUKe woj&iiixtiig tijs chnjiHojjJsoras as 
(iescfiSx'd aixsvs cbr be a.'iy ai' the vjOTiSKS cofJigiiTsuoiiK 
described fsercis;, Taz patticular ascilatsoK raamvA sxid seas - 
ir.g jacatiii cat; visry wk&iy dcpsading on the; ncctis of the 
HvsiesK SI band, mid dspcnd upon sensitivity reqalted, the io 
esdiatiois asid e!Ri«sio» char-acterisnies <si' fee; ificoxpofated 
doROt sndsccBpSiB- (;hro!isop,hon;«> ssid liu; aoplicstion wthe 

is ■! pareicaktrfy preferred ilieigiKssEic meihod, the present 
ioYefs&QK eontcxtipiaJss a awtf'CxS esf phoiosie detseuan 15 
"tsv^ -t V '!\ d >"isoi' cri"- i^s-i-i" >no>H)p^vi cor 
tsdjat'g poiyaucseodcbs of die present i:)»'aRa<j;5 as hybriil;- 
i:;ation probes fcr dstecutig a iarjjet sgsiueace itj a ssimpSc 

Tisiis a dsagtiosde meshod for detectiflg the jjfesencs of a '^^ 

isg ssrsipls is cersjesriplated awsprisasg ihe SKps of: 
ia) aiirmsLag; 

(i) a poiyjiiiclastide having (l) a; lessi Vm- donor 
vhtotnopisorss opsratively baked to a polyaaeieoiids 
by rinjser arrns, stsch sihai, sfe (■hrorsiophores are 
imitlOHsd dy lisiksge aio»§ ihc IcBgth «f lUe polyv 

at leasi Orss ilxiorsat'ijtg ;a:cBpior cbtorriopiicre otisrs- 

Siicir tbas the fluorescing accepter chroisophors is 
posidorseii by bnkags; ai. a dofior-acceptor tTmisfer 
distance frorti at ssasi one of the d<5»or chro- 
rsiopfiorea, wherein tha ijolyriaclaobde fuss a rsaeie- 
odde ssqrse-tice sltsi. ss preselected sis to be tx^mpte- 
tjietilsry lo the ;)resi:feetcd "target" sucidc add 



;jd-cofSi. 



sar»pie cosjtatar 



the 



II resicisoa admixttsre is 
lirtK pedod suibcieat ibi 
f:e to the iargst sequsticsj 
X"; corissraing- and aceep- 
hybrk&ed siudsic mlA 



isybtf dizatiors e<.)Kdki«>rss' i< 
dse po:y«iK;keo\te t^^^ 

dopi^" 

(c; exeidrig ibe tlonor ch!XM:af!p>':c)r8 in thsJ Rrsdeic aeid 
dupJes fcarasd irs step (fj) by ex^iosRg die doaor 
chrosaophore te< sisflicien;; photorsic energy to indrtea < 
estissioii of pjjotciiic eass-g-V ^'■''-■^'^ "'^'^ a.vCepior cfeo- 

(d) detecdsg the- presence of photonie energy enutttsi 
fnjs-i die exeiisd aeaepJor eijnjHsophors, rhercisy deseeS- 
itig tho presencs of dse presciec.ted oycieii:. acid ? 
seqttsnee ia iba saxasls, 
in a rdated eniijodiriKjat. the s&miyimg i>f siep (a) differs 
in iteai. jTissead of a single polynadciJtide eoataiiiirig boih xbt 
Kudtipfc accepiors ijrsd a£ feasJ ooe accepior cbrontopboies, 
dK donors are pj^sera. oa one or jxiore po'yrtuclsotides t 
separaEs from d>)e poiytarefeotide rsxijalning ibe acceptor 
ehromop.hors. 

hi feis erj!bo<ii!is»;jt, iiiasirsied in FiSI 2ih) aari iii FiO. 3 
fea- posiiioaing of the doaors ;aid die acceptor axe conu oried 
both by thsk bnkaga jxssiuoi! os! tiseri xespcctsvc polyaride- * 
oddes, arid oa the pro.xiHvauoa of drose chroraophores lipcai 
hybridxsiioa lo a presoieexecs sraeide aeid uargel: seqacace. 
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5a aaoiber criibodiajeat. Urn fiybiidixatsoa adsntsiure can 
contam a qtseBcber polypepdd's as describsd bcrsi.tt, baviag 
a uueieic aeid seqaeace desigaed lo ceiaceie with tise larget 
se.riijeace for .hybridizaSroa witf; the poiyrsaeteodde cotiaati- 
fag the target rsuebic acid seqaeace, 'Hjc estibcjdia^Gt is 
shown ia Exanipk 3 and FMl 4, 

A fsybridiKsaeaj rasetsoa isaxtare ss prepared by sdauxiag 
e slecti ve araotsnts of a peiyriiicieolide pirsbe or probaK of tias 
iTivcRtiori, a taj-gei aacicie acid aad oifcas erfarpoacftis e««a- 
patiHc wp 1 a H o-.'i'an ii a, *aor , (ir^'^a 

'Ea'get aaciere aeid st^qaeRCSS to Ix: iiybdsiixcd ia lite 
preseiii rnefetJiis cats be preseta is! ;Ksy arsekie add-coji'taiss- 
rag f.aasple so ioag as mt iiajitpie ia m a form, svkh respec!: 
to parity and coricenJrador:, eorapadbis witi; naeleic acai 
ijybrfdixatioa resr;tior!, isoiatioa of nuciaic adds to a degsee 
suitabis for hyhridi^jtioa is geaeraliy Irsow'rt asxi can be 
accompSisiicd. by a variety of rass;ns. For iastarsee, audeic 
acids caa bs isolated tTsjrri a varieiy of tsacldo aeid-a^aSaia- 
iag saaipies iiiciading body tissoe, saca as slda.. taasclCv 
hair, said tk; iik«. and body Sisjids stsei! as bioijd, piassaa, 
tisiae, aatdodc Saids, eerefefal spinal fiaida, aad tiie iiS';o> 
See, for example. M;misiis es ;d.. Mcdecular (Jmmg: A 
Lahomu^rf Manuai: Cosd SpfiiigHaibof LsbcK'aSory (i95i2); 
and Aasaijei ei aS., Cunm' Pmos&h in M&gauks Bishg}', 
Mm Wiiey aad SoSS (1987). 

The tsyhddiKatioa rcacuoa aaxtare is s-adotained irt the 
v-oatea^p!<aoo xtt a^iier >«vbnd' iN^'daso' v < 
tiaic pent)j3 sai&crient tor the {jolyatideotide probe to hybrid- 
lite to cotTtpicaieniaxj- Ttaeleie add sequaaces pri»(;ta: in tise 
sjjsapie to fcrnt a iiybrisii?;aiioa prndaet, i.e., a contplex 
aoKiaiaing !be dirosaophors-cosjtaraiag poiyt=aelc,(;'dde 
probefs) of this invetaioa aad target as:deio acid 

The [tese "bybridisiag eoadidoas" 8jxi its graraat&tleal 
cqtiivitieats, wjiea used wish a aiaiater-ance dtna pp.tioif, 
iraiicates sai;jecdHg the iiybridizadoa roaedoa adati-mtte, ia. 
the context of the cot;c8?rtratii>as of raacjants and aecMnpa- 
nyitjg reagcras in tiie adraixiare, to urae, teraperattire and pf I 
eoadidoas saStcieora to a'losv fea palyrsacieiitide ptoha to 
aramai with tfie target seqaejice, typitsaliy to ixsrat a aacieic 
acid doplex, Sach tta-se, teniperatna-; ;atd pH eoariiaons 
(.£ mi I 10 (t.i.jr' vi'M i'^o iCumo^ . ■^^(^■^^ „\ ^ wob 
kaowa ia the art, or tijs length t:4; dx; poiyatieicodde proirse 
to be by bridized, the degree of compleaaastati- y between fee 
poiynaclcoiide [srobe. atxi ti;e target fee; gaaaidirte aad 
cytcsine coatea^ of tae paiynudeodde, the strirjgeacy oi' 
by^irieiixatioa desired, aad the preseace of sails or adsiitioaal 

asTect the kiaedcs of ayhraii?:adon. A-Jeiitoda for opiiraiziag 
bytsridis-stioa eo.aditiaas ibr a 
adrnixiarc are wdl iaarAa; ia< i 

Typical, bybridi?;: 
dot ijafiered to p.fi valaes "setweea 4 arsd 9, aad sas carried 
oat at te.rRi>eratares fK«a 18 degiees t!: di'' C) to 75'^ C,: 
ptefesabiy sibout 37" C. lo abotu SS"" C,,. a;cre preferably 
aboat 54" C, aad for time perleids iicina 0,S seetsads to .24 

.HybridiKido!) caa b& earned out d a i-oasogejteoas or 
heierogeaeoas fonaat as is xvell kaov^a?, Tb« bomi>geneorss 
hybrsdiKiiioa icactioa sx^ears entireiy in scdadoa, i.a wisajj 
both ih& poiyaacleoiide p.robe aad the atudeic acid 
si«jncace,s to be bybridfmi (target; arc preseaf ia solabie 
fontis ia solatioa. A beteixigensoas rsaoiioa tsjyolves the use 
of a tnatrix diat is iasohsbie irs tbeTBac.tit)RtJ!ediart5 to wirsch 
either the potyj-iceleotide |>robe or target aaeleic acid is 
boand. For instattae, the ixidy ,sasap;B to be assayed eaa be 
v^iaxed to st solid matrix sad subjersjed to in sivti hyferidixa- 



t Meiixtda Ssr 
■ea bysridiaad 

ineiadti the r 
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s typicaily f^sriwjsed c 
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llK) iRScrcBK, pre&rahij about 1 |TiSC.ro-a to abaut 25 Jiisctons 

Xsjch sarnpte can b$ pfepare4-us\fig a csjjxmsscdslly jivatiabte 

,Ai!.ctna£3ve-y, a ae.tcregciieous Fonna!: wicidy siscd is the 
Sauihcta bkn ptsxrwiiare i« vi^hich genomic D!^A is eieotro-^ 

■x<i?ssfemj, -o iiR lasoiisble nmuix. In liic ;j1o!, procedun;, s 
poiyjjuoseotsde psxsbs is ihen hybndiseii to the iiSi!!Obi;iJed 

scid iUs;:gB!:) sequstJces. - - - ^ 

libn-ry scffieaing prooadure h; wisich ;s, maidijxie of cokJ- 

' ^ M \ >a U I, > ' S H Jv, f ^ be* I ir 



Aiso psefcKed srs the hijraogenfKSiss hybrioisatson tens:- 
dojts ii-ieSs iis ars i-osxiisssisd for a reverse sxsKscnpden <si 
isojatsd TisENA -o ibn-s cDNA< didsoxy secstiendag sad ; 
cnhsf prooedutes usxag piixn^r e>ite-!S!<Hi TsjjctioRs in whjek 
iSiiyiuideoiids hybndteiiuon is s Srst st<;p. PafSaculsciy 
^ > 0 - ^ ^ ■>„ V n"d ij J I ( ^ ' 1 

wirkdi a KTjecp-c muiSeie acid seerueaec ib atspliikd Viu « 

Where the ijucide add eor-jjdnisg a t;5if£;l sei5>ie;Ke is ift 
a d;Jubie-st£SX!deiS {da) Ibnn, k h prefisted ;o &Bi dsnaira^ 
ijw si;5r)NA-, Bs by hgatsns tsr aik&d ixgaunet;!., piiix tt; 

<. ' i ^ ^ I d Till'- ts. OS 

' s'^'iN S , ^-^ '■c - d -'q . i >.d( . \ ure H' . i < 
o > < i.y ^ X" > id, 11 O'vv' tv, ^RwO'^ats' 
ro av-nt^nieo' tr<;d!>0\ X^viti is^- x^Usvi kxwL- 
ts;s poivKsicicsHide iiseii is providosi as a. dtsibto-sjxaijded 
Tfioisciije, ii -iXi ssrj be deastured prie; le a<i!m»h.i£^; its a 
bybfidi^;&dO!; x!Kicii<;n. Hxssstire, i>r eat; be iteatisred concur- ■ 
ready tiiei:ewed-; the iarget-eofKasjiinij dsiJNA. 

'Use; anwunss i)f ptJiynusdeotide adiTdxsii m si hyisndi^a- 
tioa teasrtiea sdnisxtisrs ears vary sidddy, and. depends or tha 



aboiii i to iCKiO nitiKsgmsris (ng) 
prsier;d5iy aissut Ui to iO(5 ug/rsiii 'v 



e poiynucfeottde 



esi a s>ebjtx.t posysvidecfdde, ^ homogarieoxis i"k|S!ki hy^ta^^ 

^ 0 5 -i^t n ^ ; \ Oi, - !e st !Xt S ( 

i5>* ;5ceeps4>r chrOK-opijore tnoSsicuias per iOO ssiefdifters 
For ijetcresgeneoBs iiybrkltKaiuH;, adadxmres, sach as 
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inrpa nxid&lz acid. As exanipisry spplseadws; is i» dcisct 
eadejK acid segrtitasts fircsetn. mi & Southera bus or a DHA 
Kiqucncing gei useag, for exajxipk, bs; ABi Hcquc st;;-; reader 
iir,& dctei;i.s smoronjiKricaliy labeiled pfnbiis. 

C, Pisotofiie Dbyscsh 

The present in vciitson provides for photonic da vices stai) 
J > bght co\lre\Nr. -uij -jaoti.-i;, c^rs.' iC.o-s -^n \-o\se ^f'K> 
aapscky^ of tiie ^rniddpte ^dtsaot ^raasibr staiCiexe ta ix; 

dcsigijed a~ :■ ittkiar coeoaeuir of pi-sotoi-.ic eeassy, or t;aji fe-: 
coa!ig«red as iigbi-saositivc pho!»!sie sw'sioh, i.e., a 
fjiosenson 

Tbos in orsc B;rihixiin~seTa.. tba presce; iovejiUCiO jaSitaiR- 
piatei a biosensof eooipnsing a pt))yr)HC:BOtide of 
present invoiitsoji haviag aj Ssast two iksosjx tdjroKtophos-cs 

wherein said cS;K)-!X!piXires arc jsJsitioKcd tjy said Htifcage 
along ihe length af s;dd po(y!H!deodde at s donor- ci^Ktor 
tras^&fer disiasice. The ptsiysiiictKotiiie dso bas at least one 

' t I n 5 ( ^^! ^ X! < s OjX > i so 

poly;5uaie«dde by a Isjiker {irfrs, whsreiti said liaorasdag 
acoiipixM- obromcphere is posidoiisd by s^i !ij;isagc at a 
d 0 ^t^' ! )s'b'' 1 ,31' V vi e \ v'eo* iaj 
doTi(>r cbrosnepbsxes, 

Thaa dx biosensor eosixdjis a phixor; coiiector ti^at aaii be 
a variety of lengihs, d&bvering tSa;. coileetad arui tosiisfesxed 
piiotcahc ORexgy to the aocopts>r elvamophors, Preferaidy, a 
"iKiwt! O! eOTitai.s Oiebf-ie avv/pto? . ",-.^-r .^-st 
ifircd to prtsYide a ixighiEr photonic oafpa;;. 

i\iSiii(JSie<! adjacea; to tbe acceptor or ebister tif acceptors 
.xs a pkHH.^! sensing nseajK to detect ttie prBseeaa ot eKditad 
iS fi^ a c'l. i t se Si ? ^ n 1 " f- , V 
tjf Hghr ikta-;;i.tig de-viees, rach as a |ax>to«u;dp!ier&te, a 

sensitive piiototiaibipiier; asid dxs Hfce scsaiag raotais, 
EXAMPLES 

Tisa &:<liowix;g exatppiis b.tc intended to iiip&traxe, but aoi 
iimii, ihe presesit iavendota 



I. Desigri arid SyiXhesis of a Sdf-OrgatdKsng 
Extended Bnergy iTansfer Sy.sterri, 

different s|>eciiie seqaenee gaooiseent otigotiii 
arid iJOfivfiSKCSiorsaJsKiK; versjotsii of tix; s 
tSesigped saaJ syxtdi;esi?:ad ftjr dx: axi: 



)tides 



foentai iie«!onstration et" axs esjended e 
terjL me&e inelade ihe MIowsg: 

1 ^-a,x^cp^ (> ^-^ o <>.otu^ i <\ 's^< oj 
ctor in iettgtb, labeStKS widi SulfiirhodandrKj 101 (Au). 

10.2 ■jaxsonaacrs it; Jengtb. ialjciled widi two iinoresceios 
sepat-atsd bv a stsadag of 6 Kudecaidcs or 2A naaoxneisxs 
(fDl), 

{■\ij\ .He.cosd,^!xri«-tr5edi^^^^ SvMoer eiipKoecloirdde 

' s 1 ( 1 >s „ < t J ! ' ,v c + ' !or 

ete;^ (102). 

(4; .A repeater iniersx-'diato dtsxxr .'Mi-nsex osigcoiicJeoude 
tjrat, iO.2 oissKstBiXens in lertgdt, lateSiad witi! two fiiiores-r 
ceisis separated i;y a sipaeissg: of 7 oijcleoddcs or 2.7 naoora- 
etass, (KD). 'i'hs rspeawr arjt i.s dasigixd so t-bat the stxKc- 
lete cati be ciiteraied. 
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sasioifjiiiers krtgsis, lii'^sisssi wjih a siaais itecjresca;!!. jmcfeo&ies. Prorrs the spsctrsi data the ajKccnixaiicsns, and 

n'D), " tije degree ixf SaiifsJscsKS labeOfeg vvss® jteierrtiiaeci. The 

TjsB xffi-niixSiikd versions of iili die above oligonncis- Acc^ptov IJxiit (AU) was detcrcjuncd v<i jse >^i5% pare ij! 

oddes wafe Stls<! «y!)t5;ssi»e<L All of fcc o;sgoT!udc<Skjes arc 5 lerms of sisiSjrhcxIasrdnfi iOl (l\ix&& Resi) labeiiit'g. llw. 

iisdgnaa by thejx «scodad ssqxsstjce to bsrid coaiplemetK fesertnediae DoRor 1 OBI ! was dei-ermiaed to D& about 

tary' pojtioss of csch othca; lo fes;!!! ijisesr d&ai^ia stesnded P^-^» i«njis of tbe doubk SBOtBseeit; MssMed cohs- 

M;:i!cti:res. The stJScifk sequerscs ajsd positiofi. of the fiiio- ptsnral. ihs Texfij-inder was a iksx of ths sisigic la^sjikci 

i-escesii isbai(s) lA ==gta:&rhi)dan5isiB 101 CXi^^as Red). componiJats. The ItUstmediats Ooaor 2 CS)X5 was dster^ 

l>;Ri;i;ri4sceij;l is the nva TSKidifisd oligonucteoside JO oiitied ta be aboui: 30% pKrss sa tenns of die dc(ul>Je ijuo- 

seoac-jt.cs is. ai- hs•■>^^ mJ l^a 'k.- as JiHi.? ID NX)s resccin Isbelied cornpciner,;, the r-sajdr.diK- \vas a jsix of the 

--■-8, rospeeiive'iy-. .sirtgie iateds;d cotsjjxiijersis. The RcpiSii Dor>o! (RD) unxi 

was dejenraned io be aboai: 25% pm& Is iertsis of ib« doisbte 

C{y •SKO!-<;sc'ci:! iabeiied cisrsjx'iisat, djo tCfssjiitider a rk.k of \he 

i; > AV D^AivrtcJXTAsrR^CAvScr-?- s^^S^ iabsiied composeais. Tns lnvtmasi Dosor (TD) was 

" '"'^^ _.. defeitrdTKd n> be. >9.5% piu'e. tersis of fu.H>r8KxdK 

® fe' Sisg, Willis fee Intemedsas Doisors Avers aoi fallv doubisd 

(3) JD) .r .■«:«ACC,'STACtku:GAC:rrGCAGK:AriAC.<i'V-¥ labeiisd wilk ihsoresceiji. ibsy siiO are ,<;o.iti:bie for de.trson- 

...^ ...^ sfeasfiiJ 'he exiendsd eaergy u-stTisfox mecisaidsx:; isj a sdi- 
%0 oigaxsiKftig sysSero. 

.V A,cfsAts\r:VSCtTaaTA«K.XTCT0A.A.CA(m:- 3' ol!goi!ucS«>dde atiiS-s; die actxptor sxjdt (.All), ihe kaenae- 

V 2.'! jjigse, do!!o.r 1 xitsit 3D i lbs iriierjsediate danor 2 uaii (If.>2) ^ 

'^f and one tctxt-jxiai doHor »s;3t (:{'!». llxc; ofgaKixed stxijcfsire 

(5! m 5--ACKX;rCiC!ft.AC;A.CTC.:v asd d>e path for oxjeadsd enssgv itansfer jire show {.n. HG, 

3. 

o i. f s f ■! s ? > \ t nd (. _s I nl rd t s. ^ ; 'sx :ix t a 

\ £! !(> \ >t a n"M\N avi r Moi Qio <, i ort,c t,-^ i •>"• A i n >(. 

#3§.l iisffi^ staiidaxd p«t>&pi»xarjtdiie ciisndsu^-' oti coa- aqueous bsfjBX(D.1M Scuhuific-hJotKaj/y.OiMstidisisxiphos- 

tsxided p<!!:e gkss sapposf. Is tfje c;ass orthe faxK-iotialixcd pbate.pH 7.8) a!.,20'- C. These conditions are opunjal !bf ihe 

oiigoRXicleoxides tbs prosecied Imfos- ai^m siicieoside (S- oligonuekaude aidi." qwickiy hyisddiKc (oxic aanetc;) lo 

dsmetfioxy;xiwbs-ttiSi;KiraasxitK)aii{y; dessxyuriilioe) wa?; diesr coniplextisaxisry -ieqaenees axid BBif-<srgan!xe 

iacorfjo.nued at sixe .seieosed posiuoafs.) irsdicated above.. TbiK (asssiRbie) ibs i 6 iiaaomet8i~s !irss.ar doubts sixaadsd stmc- 

liii&er sri?i OKcieoskk; piovidcs b prisiiasy axsriae; gi'oup for tiiras. 

sBsexsoii with the acdvjKsd Stsoropborss, Salfosfeodaaase A naxnbex of expasiajfiiiEsi c&mol smicaaes wcxe slso 

iOl ssiifoayS chionda "i{rx;is Red) iixid dacsrescexfi isiJthio- ,. sissensbiisi witb tiie iiii!n& basic sitn-ng-enxent, escepl osse or 

eyatias CPfTf^). snoxe of tha donor xum uiimad was is dse ua-isbeded {NL) 

Al ti?e cxid sad; sys;&e«i;i fee finished odgtuaicieodde form. Fiiwrescem and Suifisrhodsaajje lOi were picked as 

was roicsweo frorrs thesoppori ajxd blockisg groups ret<K>ved ■■he. iiasiieseeisi dts.nox aid acceptor grOBXis because of diso 

! ^ "i kv^' i.>>^^ 'r< tt. n ■'Xi"' udHusde !' i"" '<ofex< sal or i Oi -^^'^ e 5 < ^v^^s^^'^fc^ ^.n, o t ser c 

boors ;!x 55* C, llse disieihoxytrityl gttixip was left oa dts oxgsnixed 14 naxiOsaaiers aniextna sixueti-ra is desigxied to 

C'jxgttxaic.lexidde te> aid fxi the pxirsfscatioa. Tixe 5' -!.xityi. oii- " .bave is 6 base pair (2,4 rsatiomerers} spadssg (aceeps-or-doxtor 

<5 ,eo'i''e > ^''^i^vi (.\^"{' v^so .x'^s^ f i-vsua traxisfer distiHSCc) bslwaan tise SaSft^sfsodafsdsie gsouj) in d>e 

hqiiid chii)3Xiati5go}phy (f iPl.C). Ths- parity of each oligo- acceptor mit AU.! and the fsrsi fiuoTes<5slt! group m iis 

< tiX s< } ia'-J > js ' { v^ji., X s-^iusstdi i. !\ ] i! U^l^ ii \ ^ ^^. ( ; 

•ajxside gel eiectr<}{sboresxs, spasjing (donor-donor tranisfer diataijee,; between sarii of due 

The ePi.OpcriScd sind tiii-inodsfied otigofsadeotides dacHesecii: denors sh die test i)f tise isxsy: 

wate xeady for c>:psri.xnesxtas use. '['he o?jgos.xx«:isotides con- Fiu<}o;,scem has ixs absorpdoa fexcitadoB) maxLatu-m a; 

5 <■ U V % 'iN 5 " s N-^Sv 'v,-.^"- ! vS»t* t> 'y -fiS va\ i Sf'tS ,<„ iSlTOss^ ! ' UX' S v -„(. 

appxopjiateaeuvKied iixioroptiosx;, Fi;s«TBSCBj)Sial>sS!i:o»W:S tsm wawiengsli (EM^^o), issd fiG esdnciKJs? coeiSieiesit of 

eatxsed otii bv reacting "SCs) sjg of tiie oligooacleotide ^•; "72,(K)0. SaiKirtasiariaxk iCrj. flexas Red) has its aS^^^^^^^ 

i i S. I o^'^ V Sit ^> xsi f '^1 ! X i }tior> ,-^< ^s-^ . t il V. tw'Si' 5 5^ 

SuMoxhodasaiiss ii.il sxiifossyi ciii<jride (liJXiis S.ed; or Fisio- ersds^iori ma.srtmiTB sit 6.15 nits ■ivavoles^tb tBMfsjs), sisd ats 

jx;scd55 tsodiiocvaTsais (boisx avsiSabia ftoxst i!*loseculsr exlsaadon c0«Oksei!t of "SS.OiKf. Fiooie?see5Xi's btwad ansis- 

Pxobas! iij id of i), ! M sodiair; bicsrhonaie (pH S.5) ftsr ston band spiitxs from SfX) nra oist to 600 snts, arid bass ^ood 

2 hoisrs a; .20" C. Aiux tjje reaction v~'as coropicte the s^^csss (,^) (!vexiap with .siiifoxaodjaxisaa's ixoaci ;d>so!ptioxi tjs^sxd whicis 

tluoxopisoxij .■■cagsHsS: was rexjioved by passitsg tbs st>lu!.«>a spstss frora 520 nsB io 600 arri, Tbis ovsritsp of the. ettds&jos 

xhrosigh; a Sepbsdex <)-'<.S gel fiiirsdoa .eolusisn. The iiaa! ssxd adsotpdoxi !>arids arid high t^aaoixissx yseki oi'each of ihe 

* tst r ib '( i o > seo )t oph is i M ,ox. ' i ts 

tfoKs axidabelied p;atenai was earned oia by pxepanitive n^. dexnoasttatiixa of estexsded esiergy SKasfer in the 

pOiyiiCi.yiajxxiae gel ejBetfopho£e.si.s, ^5 assembled pbototdc atiierma structyra was oarftad oti-: by 

The LTYA'ssibie spectra (240 oni to 609 were exddfigdseiixxosxtsacdadosxxsrxitssts w!tbradi.:s!Hsaat495n$xi, 

obiidned (HewleS;. Pacfcaid 845iA Diode Array Speciropiio- and sneasurirsg the ra-enilssion of radtadoc at 615 mi! by dje 
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£0 entry CHS 



isKors 615 !!.r«^;is i.teJcrmised by excmng 

?st; 3XT;«fir5ief;0- Hjs !"ei!aive energy franalra 
SiL) is ;he fSJio oFEhe 615 esxiissioa whgn 
iciJed at 495 u to as 6 j S jmt! i;m;ssi;>a when 
fUn xnuitipiied by Mk una can hs- represetsied 

oji of fevsirsiSilijy' of seM-jK-gaakatiof- of lh& 

^ 'P vv. ^,!^t ) f ! 

:« C. for o«e iXiiJute, a^^^^^ slieii croislisig 

sts were coxsduciBil ms Ixftjte !br each condiiian. 
jcesses «!' ;iss;;;r.t;!y (s.Tiisiai). heating (hB;ssd)iind 
ioltal). ilsa TssuUs for ifes ex|3«rur;enxa.; desHOii- 
axienda-d energy traiisfer in the vatious sirr atsge - 
for \h& feversibfe seil-sissetnb^y ata gives; ix; .• 



2. Deifionsteatton of Nos-Flusresce-Ot Dsnsr &; 
FiiiO'-escf.-it Accep!v-'-f hueres' l-^rM^^ Wi:b 
SigaiScast Se->&!>isski!5 

wiiicii -rofgj tt-r.'^'or ;o 1V\a- Hcs t..u ic.ii \^ !U'a'-< 
rc-eniisslOT!. "ilw sasne basic jSroceduEes KiSS we;^:: dsscribe;! 
irx dis Symhssjs sid Labeiiijt" Scetioii a-jd ts; laxantfiis 1 
v.'cri; iJSBd Us synihesiKiJ and iabel iwo e-sHxtpisrassiSiry 
SS-Hicr seq!)SKs:es. Oii^onudeotide f'A) fsesow was lyRcdiXi- 
] / d idt ti."* ' <■ IT "t. g Xi > V "i. 



s fiira:; 



using Use Aiisi!5i;i!i».k 2 chyetmstn^ OligsnudeoUtie (A) w^as 
[iie!: Jabelkd with Buorescefe, DASriX: (Molecalas 
Ihohi-s), geacdve Red (Sigma Ctescaf), of Malschiic 
Green (MofeeuSar Prebess, DABiTC, Hsactive Red 4, ssie 
Malachite Green ate siOH-lhiorescBjiJ c.hrornotfete gjtiups: 
Oiigonijcleoude (B) was iabdSe<i m\h 
<Kigo!)xa:!eotiite sesiijences ;ire shown beiosv asd sabelied a 
SEQ1B NOs 9-10, iespmiveiy; 




*'>.ve ifttx e>vfc>. uajisici \s v-io^vr it< F.Se ^ u, 
Qixarmm in the otg&aixed ; ALViD IJIDZ'TD) aaierasa sauc- 
^ure ivrcjdecisg sbsaiii a 76% e!;e;-gy ttaLTSsSex afiiciexsCT to the 
\..i<"!o- -a i V ^^<.ne" X.! ticuc!i>. >jxitspKs.c[ Wh.- ! 
£?;s ID; unit Slv.ofescefii. la the AUminDKmM 

usiic; whicb };as its drsi dcsuot gfoap located 20 base pairs or 
6 J isaaotrseian; ii<>tt; iba iiccsptfjr group. 7Ms is woii ixryorid 
•lie Fos'ster di.staxiae .nece&san' to accout!!. for aav sigt!if!ca.at 
ieve; ofeKets.v -ratsier. \^'>a-:n ot;lv £hc ID?. Ji'idTD i;ait;^ avc 
iluorsKo;;)!, it; th« iAli/lDltlslyiDS/TD) sysieai, die 

v,5C>'> r< v.''-^-s > ."O. 'i s s a ,!t5p. .< .t 

resxtij, hecaiiae k cai.Ti>bt!rats.s ihtJ ottser ssstdts showiag tjjs.t -'-^ 
die LD'2 aias TD ^irsits wer!;* tnffisfealag ;iim<:eb the i Di ufiit 
to lise AU Kf;i£, Itje A!j/5Di,CML!^5D2(NL.)/rD(Nl.) systan 
iesuit at 495 itxn excttabon sirarsiy showx rhe ievel ofTexas 
Rt;d bjscitgitiusid fistorescenee ib;- AU; asti ths tesuU at 59S 

Ibe ssssKibiy, hsjjbtig asid cixilixig ex^xa-imet!! elaarly 
dB;r:onsxr,ateif. t.ho ixvmiOse opj^aniaatioT: propemas of the 
system, by showing eossjpbfe ioss of cJsiergy irattsfcT ttt 
(1.. wher: i.aa ay-Uiys ts coraplett-dy disSiSSBmbSed, .and \hc. 65 
setiire of esfifgy sraasfer ajpability when tte sysiera ss 

CtJDliS)- 



wk-.re I)-F:i!or&scs5n. OABrfC, Reacdve Red 4 s.a- ^4a^a■ 
chit<j Green, atsd A^^bxas Red, 
When ItybfidtKed itjgedier odgcKKiciesstide (A) atjd (B) 
(.V -ii<> >ai i," f t ^ 1 v. 

donor ;ind acccpior ^Toap.'i. The hybnd^;<i^d a\>T;5riget?5eBt for 
Ter<a.s Red ^A; v-ij 1 e. .s.v- . o.i'o'rex. > siov' 
t;eiow atiii LabaOed SEQ IB NOs 9-1 0, xe^ipecuvg.iy; 

S'-COGCtCATGAin-CSCtXt-S 



t!>Ugonuoieotides cojxes;x>t:.dbig to ssi.btoxsucieadde (A; 
bia hayt:!g one tsf Siatsrescetn., DASO'C. Seactive Red 4, ox 
Malac-fiite. Ciesa wt^re tadsix^.ndijntiy isstad to dete.tTTiiae 
•iiidv mnmclivs:. onetgy tmnsfer eapaoity Sft tSe Ifexas Red 
iiccepKjr groe|j mi i>ligot;adtti)titiB fB). Tba ;;;rs;i;;jifijs ware 
fornu'd Esy c(>mb;n:ng tae ano>e oSig();jueiei>Lides :,A) jjjxi 

aqxa;ous baife ((.MM sodiiisi ohlobde/0.02>4 sodsaxts phos- 
)ha£.. * ! at '< ( F'^ • t hA „ .< .s i-s -ip >^ £ n 
aiigoRueleofida -anite -o qtdck^y hybridiie (asxe ittinitte) to 
f-i^i tonipie r.-^itay -•„oata<.ev rb.« >^ > ^ tflNi- 
expe.ritn.eats vvsre cajticd oat using ibe. eq;rip;aexi£ asjd 
p.roceditfes an dcseriixxl its Esaaipis ; . 
The foiiowing resnlts ««e oistaiacd: 
(i) Pinores£:td&-i3b€ded oligo (A) when hybxidtKed io 
Texas Hsd-iaboiied (B) ptodttccd abm;; 55% ariiJ!:gy 
i3-iif!sf«r .a.s re-enxtssion at 6i5 axn wher. r.be arrange- 
Ttieni was excited at ¥)5 xin; (the nacresceir: excitadoxi- 
.xisaxini-anx). Tids is reiisosabiy gc<!t5 etsicie-jey ibt this 
systen;. However, aigxiifean; baakgrotnad dtiorcseexteo 

the Stioreseen;: taaissioi-s f sfXl^tts to "b<Xl sin) froni 
Saoresceirs is s£iil present, 
tti.s DABU'C -ialxiUed oiigi) (.A) when hyb.ndized to Texas 
Red-;abe1ied odgo (H) pxedneed t-bonS: S% !» K\% 
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•.■emisstBn 615 niu whets fee 
died ai 430 m& (the DABITC 
i. Bovvaver, there was no detect- 
ab;e fiEiOffiStiSBt eaassion fom fast beyond the exciia- 
ikiti of DABfrC at -440 ?)rt5. io fee bsgsrinisg M &e 
Tesas Ke4 iluoif-scstsi en;ission. at "600 nifi. It; fisis 
sarnij 3rr;3£ai;err:ejit rjABFFC; appeiKS io produce lililc or 

(6,i5 nin.!,: whsH ihe. am-jigstneHi was exc;i>£iS al 595 msi 
(•JiC Tes-as Red exsiiation I'tiasimuin), ; 
m) Rsmiva B.ed 4.-S;5.bdkd oligs (A) when hybridized lo 

. s J'- 3 >->^ KX U Jc Ki . n ^ i-ei. l\i p >~ 1 

<.r,. ii\"-;e; \^ i o<.->V; at - f r, ,a -~ Rcacij^-- lied 
4 s.xcst;iU03 maxiaujm). Rsactlve Red 4 prticiaced avar 
BO'lc qjicTitthing cTTexas lied iiisorescetst einissioa {615 

Texas Red exdiation f^iax^ma^n^ 
(iv) Mf-!;j£hi;:e Gi8e»-5abJJ?ted oStgo (A) whesti kyhRiii?^- , 
to Ifcsas R£:d"!s!x:Ueti ijiieo (B) ^jrcsauoKl over 60% ■ 
qsencbitj!^ oflfexas Refi Suotescexftejassston (613 »f;j) 
> ' A. ia.v %vicu iv'^cK s 

Hfid sxciti-iiori rtiaxifBatrs). Maiaehiie (jreeix'-i excita- 
lion maxirJiUHi is at 62-9 acs, 
Ti. ' Ks di ,t-^*5-v ot'o>o If u! j\i I. car > d-'i 
Oi-.stJ-ate -vha!. D.ABflX:, a B<^f f.ucrc^ccnt ohnjstsopt.ou- 
groap, at a 5 base p;sir spacing {IS} -laaoKssisrs) caji prodace 
V 1^ t » I ^<^<. <i X er! '^•>u^^■ ;< '^,,\ R > , o< u*; t«' 
Aiso, DABITC: ;?rodaces xso dciectabie biickgtoufKJ Skia-cs- 
ceacs m tba sartse taag;;- >:h';K:e St•o^es'^i^!!i prcskteaa signiij ■ 

^ ^ > ^J^JJ OtJ!\ \^X'i5 v.g:iS rai' <0'0j 

sy8i>2K!s, tsjis is ssach iscre imporiasi ihan the f&zi that ■he 
iB-ft?xsi;;si;)ri pcssduced bv srs'ss&r ixom DABiTC (5% to 
10%} i& lower thaji frern fliiotBscdr; 05%). In it tnuSijpie 
dtsoorsystesa, dse additive ciseci of bsekgreuad J'aoresceace 

<. -<^vv ^sv».> "^v^ ruB'rO enu 5,t!v i 
ahroiTiopt-ores ate trsorc sdc?J ??t!r use in snuMpSe doiiar 
systems. 

The re-iult dsa^cdbed above it( (itj) arid (iv) dcTnoasti'ate. 
thiij («:b.i?r noa-tlisorescen- CKtoojophots gtotsps (Reaciive 
Red sad MaSschiie Graes) at a spacing of 5 base pairs (2.0 
!!axs»H!8ier} cat; i;igrnfia«idy qiicacb die fitiorcscetsi. eads- 
S!t>,n of a Isxa.^ it;d aecsptcr. TtiiSSi; sttotsg qi:f;neht',r groups 
cast ;?& Ksc:s:3i io deyi.«iRg tijecbaoistfis wliieb would allow 
jiaspHfed ptiotssac easissiotis to be switched oo tiud off. 
ThiiS, tbey hsip to create a snotij v.o\'d sad ascdul photonic 
ttjectsaai&cn ot ttsvice. Aa exaiapie of a useM 5ysto;a i.n 
which a qaetscber gnsap is ndiixed k; rati ■ see backgtTOind is 
4osaibed in Bxas-jpfc 4 aad showti in RG, 4, ^ 

3. A Hoascgeoeoos DNA Hybridizatiot; Assay 
iVisthod Based On Hxieatied Energy Irsrisfot 

'i'he ibdowisg dascritJes a tsornogsjieotis DNA hybritUja- 55 
titjn assay si^et.aoti which ti;iH;;,cs a Itjw SuiKCamit back- 
S-rotisd sxteadsd energy trassfer prixx^ss. llae sys-siTi 
iavoive.>i a as-jltiph:- tieisor, aa aecc^'ior ami a queacba;- 
oligoniivleoiide, 

A xoaltspfe dtHJisr i>hg<«3Bdei)t5ds (MDD) of 20 to 106 m 
sticieoiides is JetJgts is labelied with DABSTC (no.a-Stijj- 
tascctri:) dtJBor groups i-j. spaoingii of froijs, 3 to 6 Itsse pairs. 
1%e ajoidpk. doaor systeai could itlso be an arraagcmetit of 
a siuiriiv!!- of oitdapic dosjox proJjes, si.'atisa- to the atraogc- 
iTuMit dssetiasiK!. in Ex;;<r:pie ,!,. A ponton of tit least JO lo 50 «j5 
;5ucieoddc8 i)i" ;!xaispie doiior tjligoioer i.s eoxopieaseatajy 10 
a,spe<;ific pordoa of a targe; DNA seque-ace. 
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Aa accqjSxif oiigosxaoieoiide (AO) of S S le 50 tiiscletstidss 
io length, is latselted with Tsksis Red at or osax its S'-iersxtinal 
i'jositioti, aad is cooipSeaseBtJtfj' to thai pordca of tl?e DNA 
tiifgtit seqtitjrice ctjatiaxstjus ^vitf; ihc -mrget scqoerscc speciiic 
for tlje iouitiple dotior oUgotasr. 

A qiieneiisr GligoatioIetHide i'QO) oi' ii; to 45 riticleotidss 
05 kogt!), IS labelled \vitb Reactive Red 4 near its o'-texsinai 
position. The t!ijext!;i!er oligcsmct is rsiade cooipfesiictitaxy to 
tlio scccpiiir otigooxix, bsit is 5 to iQ bases sbsjrter. I'tte 
' Quencher oiigoater is cotjsixueted so that vvhsis, it is hvbrid- 
imd to the acceptor oligooiex, the Reactive Red 4 group is 
wiibia i to 5 bases tsf the 'Ibxas Red groap,,:c;5asing cotrsp^tsite 
qtioachiag of the Icxiis Rai iluorescexice, 

FIG, 4 shows die liosisogeneous ajiSay prcct^-ktre^ "Fijts 
prtjcednres can be a-rrietS as.it5g aqijeotts bxdfets coX'Sraoa to 
the art of hyteidixatioa. f;aUSi!y daj multiple dcaor OJigo- 



hybrsdi^cd (sitsg-k- 



systeij: 



ied)oSjj 



oater 5 



>vided 



;x aad tije qoeaclier oH- 



oiigtsmer; lite target S5NA is eifhe;- :3lxs;sdy p-ascat or rjow 
added to tbe assay systeoi. 'Tl\a system is iisea heaied tts a 
i T}xr..i o w. Ml ! .ses t aM t >.> ' t .^.^^.^u 
Itit ^vstitt is. sacn vv^^ Cs >.o =t''0« i jc - cw isxi le *■ \ "''J 
ixautm.s to lake phjce. lite dooox obgoxijer iiiea isytJS'stSxes to 
its coritplemeoi;^:^ sequeitct: on fee target DKA aasl ti;e 
p.ccepiox oUgc-nxcf ai.se l!yh!-{dij:cs to tise target D.NA, adjs- 
ceot to the maltipfe do«or. Bttiii aligtsassfs ssre eoastnioied 
Teiativa to a ptasekoicd target scf^aepce s« tiiat ttpon pro- 
granaiied assetably (hybridization) -ae testianai dtjaor grotsp 
is .bjeatcd widjixi 3 tt) 6 ijase pairs of siie aecepttsr grcsap. The 
qiseneher oiigonser is des-tgneti to bs sborter xn tejgst! ih&a 
tlic acceptor ;okI djexeft?;- camiot idfc;eu«eiy compete wife 
target seqttences for hybridis^a-xor! te tac target btjatsd accep- 
tor oiigo!X!ct, Aav oswiyforidtxed acceptor olig<sT?}«T re-hy- 
bridiisa with qiseadter oligomer 1"he tat^ei iJNA ixas sow 
orgSaiKed tlsC dojwr oligoiner ant! the accep'Or oSigoaxer fox 
etScient a.^tentied energy ixass.sfet to the 'Texas lied gmttp. 
Ikrget DNA can be paariUsativeiy detenniaed by ikoreiicetit 
ansdysis. 

The above a.ssorabicd systesa is tbets excited at 43t) jxts; 
sad the huofesceat eioissioa at 615 arst is detej-natsrjii Tliis 
hotsxogersetsijs system baa d;e ojiique sdva;itage,s of haviag 
no jluoj-escem background frota the any of fee maitipic 
do.aor gxoaps as weii as from say oi' dse nofi-tat^get hybdd- 
its4 acceptor o'igoJTier. This particiiias 



jliSt o 

gcacoas «no< s\j.:^>;: 
aevci estejided energy tra 



e HiprescjjSs 

that can be OCTclopcd bttsed oa 
ifer niechanisrtts. 



4, Derooasbatioa Of EiScaeat Energy Tixin.€er ia A, 
Closely Appxoxiasaisd Donor- Acceptor 
Aiiaagcaicia 

The !'alio%-tag dcscxibas dxa deaasastratsoa of etficieat 
esiotgy tfsasfer ia aa oli^ooncleotide la which Site terxtviaal 
acceptor Cfeas Red) ia scf-saj-ated by oxse aaeieotide unit 
(0.34 nas) ftxari ire printary donor (iaxa.aetit^rin). 'D^c 
ancasxgcojeat of tije tiacBCSceia doxjor a;td Texas Jied accep- 
tor ixi tiucitSJtide senticxtcfi is sbovst jjeltsw tSiX(5 ID NO 



The above fiaoresccijt asodified oiigorajcleoude was oiadc 
syntheticaily tisi.ag t.he previoasiv ticscdbed ttK.-.haitjaes, 
oxepi thai a ikttM-esccia (F) pitosphoxastsidite (Ooraecb) 
the second aocieotide in froa': fee 5' tenrtttras of the 
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Ruurpcx-is energy transfer ilxiorgsceTi: pht>s- 

iisst iiy!>n«ixijt;g -jje desivaUve l<> a eomptemsmary oUgo- 
;iuc!s0ti{&. Ths ;:cH5cesur;B:!i)n sxsr bosit Use <;isgonfideOtides 

snjjses^'^ia:;; i-si i'x SSC: (pH "l.fj). When t-xdted at 490 nm, 
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ihis derivsiivc prodiiced >S0% energy tftKisfe;; is terms of 
610 aro re-etaissiOH by ihA 'Ikx;;;; Red accs^pior. This desrSy 

in wluch SG«;adaxy qucxichitsg raschajsisms a&vs fjeen 
reduced, imi higher energy irari&fer irs .ej-nss of acsspEor 
rc'-emissioR is observed. 

Tim togQkjg is iriiended as jliustrative M 5h.« pr<ssm, 
jTivea-iOti bui aot iiiJuiiHg, Nuoserous variadoas sad nx&di- 
10 .ficajjoRS cat: be eSecxed wi5.hoai dcpaftifig -itxim. ths 
spirii aad scape of die invendaa. 




5,565,322 




3 or« {.aid accspi 



t one sj»y 
msTi said iennins 



2. Ilifi sirs 



>y a <;0!i(>!---ia!M>r ii-ansifir <Sisu5J5ce; ana 
;ot and s;!id acce? •■os diroiXiwpnoras are 
iuossd aci said jinis ni>synssi80t;G2 and ^ 
<i!yx>u;;IsoJi8c such tfsBt Kiid phoifitik 
r i;n!s;;cs bstweisr: said Sm and saiti 



aid idia: 



use of dass-s .1, wh&'dn 
;e is i.4 to6,i &m. 



group c 



■id doiior cKr;5- 

:>n5,c tiijiil 4-sc.- 
lf«3ie acid, 

^ V 

phea>1~4-isoth}0{;5faiia{s (DASITC), Lad- 
tys suilime, Skorsscci-i jsoiliiocyanisiej 
CibaeiOH!® Bdiiiati: Rs'.d Si-i-A.i riJOtijyKiise 
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4. U s.a^i. t . t Si 

5. Ilk sixucture «f citam CS&iinM<:\ a; 
intcnrjediaffi donor cfcromopiiofe coujprise:; ; io 

The stojctarc <sf dalxn 1, ibffeer compjiskg ai 
fliioresciKg a<.'c:epU!r cUrorr.aplwre opexsiivdy i 

seeejKi poiyisuckoade, wiiereiB sad at ieasi am f{ 
accepting ehfomoplfoxe is; psjsitto'rjfid by said iiak; 

iioiiof cbi-omcfp&iits, 

8. The staicture of ciisan fi, w;!«:«dR said 

i.'i' pyrene, Lui.iiC! Ytdiovv-, cicridii-se. rihofk^s;-, iii 
!tsxfe!3ai!B, su5forfc6damlj5e SOI, mtim \U. 
*>. The stcucUiA- v-.f dcdn^ ^ ^;^!-fca-:;. ai 

m & soM suijport. 

10 Tih; sitncuij-c- oikiaiis; V, -,>hirroir 
seiecicd Sans sisc gnsup eofssisiiag oi' giass, im^dt, 
OQjatisc poiyjYssrs. mm^vzum, asid iso-poi ytnej?;. 



